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This dissertation studies the financial market linkages in East Asian countries. It 
is composed of three chapters each of which investigates the financial market linkage in 
the region of East Asia from different perspectives. The first chapter examines the time-
varying integration of stock markets in East Asian region since 1990s. The model applied 
in this chapter is extended from methodology of Akdogan (1996), which measures 
integration by the fraction of systematic risk in total country risk relative to global 
benchmark. By extending his method to two-factor setting with heteroskedasticity 
structure in the stock returns, it is possible to investigate the evolution of the integration 
process as well as whether East Asian stock markets become more integrated into the 
world market or the regional market in the long run. We also examine to what extent the 
Financial Crisis in 1998 and Chiang Mai Initiative of 2000 have affected the degree of 
integration among these markets. Overall, our results show that most of the East Asian 
countries are integrated more into the world market rather than regional market. Since 
2000, there is evidence of increasing regional interdependence for most of these countries, 
and Korea and Taiwan have experienced a distinctly increasing degree of global 
integration. Financial crisis largely changed the pattern of stock market interdependence 
in East Asian countries; however, the impact is temporary rather than long-lasting. 
Furthermore, since Chiang Mai Initiative, which is one of the most important measures to 
promote financial collaboration, the region has seen an increase in regional integration. 
The second chapter investigates the degree of financial integration between East 
Asian countries and US as well as Japan by assessing the co-movements of real interest 
rates. Granger cointegration test and vector error correction model (VECM) are applied 
 ix
to examining long-run relationship as well as short-run dynamics of real interest rates 
when they deviate from equilibrium. Our results show that despite the failure of real 
interest rate parity, strong evidence is found in favor of increasing financial integration 
between East Asia and US if the possible structural break is accounted for. Results from 
vector error correction model demonstrate that Japan has not taken over the dominant 
role of US in influencing the East Asian financial markets. The technique of bootstrap is 
employed to obtain point estimates and measure the corresponding accuracy of estimates 
in cointegration regressions and VECMs. In addition, we also apply variance 
decomposition analysis to depicting the evolution of US and Japan’s influences on the 
region. The results confirm the increasing external influences on East Asian markets and 
there is evidence that Japan’s influence to East Asia, though limited, is increasing after 
financial crisis of 1998.  
Finally, the third chapter inspects in detail one unique and distinguishing market 
in East Asia, namely Chinese stock market, as China underpinned by its fast-evolving 
economy is surely going to be a significant player in this region. In particular, we employ 
a two-stage bivariate GARCH model to study three issues concerning A-share and B-
share in China’s stock market. The first is mean and volatility spillover between return 
series of A-share and B-share; the second is time-varying conditional correlation between 
A-share and B-share; and the third one is the impacts of the U.S. and Hong Kong stock 
markets on the first two moments of China’s two types of shares. Our empirical results 
show that there does exist time-varying information transmission between A-share and B-
share. However the mean spillover between the two types of shares is scarce, although 
they are residing in the same economic environment. In Shanghai exchange, B-share is 
 x
more influential than A-share in the interactions of shares; whereas, in the smaller and 
less liquid Shenzhen market, A-share appears to lead B-share in most of time. We also 
find that the correlation between A-share and B-share is time-varying and exhibit an 
upward trend in both exchanges. Lastly, we provide evidence that external effects from 
the U.S. and Hong Kong spill to China’s stock market, and these effects are also evolving 
with time. It is found that the Hong Kong market has a larger impact on the China’s A 
and B-shares than does the U.S. market, suggesting a larger role played by regional rather 
than global influences on China’s stock trading. 
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Chapter 1  
 
Stock Market Integration in East Asian Countries:  Global or Regional? 
 
 
1.1 Introduction   
One of the important ways of measuring financial integration is to observe the 
degree to which the stock markets are interrelated. In line with the deepening 
globalization of financial markets and increasing capital flows across national boundaries, 
stock markets have become an increasingly important source of financing in East Asian 
countries. The ratio of stock market capitalization to GDP has doubled in most of the East 
Asian countries in the past decade or so, some selected yearly data are listed in Table 1.1 
below to present the general picture of this information in East Asia. It is also observed 
that capital controls have been gradually relaxed in the region. Among East Asian 
countries and districts, Hong Kong was the first one liberalizing its capital market in 
1973. Subsequently, Singapore and Japan also started the process of deregulation in 1978 
and 1980 respectively, followed by Thailand, Malaysia, and Indonesia. The other 
countries, Korea, Taiwan and Philippines liberalized their markets in early 1990s, while 
the China market is still under some control even now, and more details are included in 
Table 1.2, where three main liberalization signals of a country are shown, namely the 
announcement of liberalization policy, launch of country fund and American Depositary 
Receipts (ADRs). The later two indicators stand for the indirect ways of foreign 
participation in the local market, which are usually available even before the market is 
formally open to foreign investors. From these signals of liberalization, most of the East 
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Asian countries had either liberalized or started the process of liberalization by the 
beginning of 19901.  
  Table 1.1: Stock Market Capitalization as percent of GDP  
 
Country 1990 1995 1997 2000 2002 2004 2005 
JAPAN 96% 68% 51% 68% 53% 78% 100% 
HONG KONG 108% 211% 234% 369% 283% 519% 594% 
SINGAPORE 93% 179% 111% 167% 115% 202% 220% 
KOREA 42% 35% 8% 29% 40% 57% 91% 
TAIWAN 60% 68% 96% 77% 89% 137% 138% 
MALAYSIA 109% 241% 93% 125% 129% 154% 138% 
THAILAND 24% 81% 15% 24% 36% 71% 70% 
PHILIPPINES 15% 79% 38% 33% 24% 33% 40% 
INDONESIA 6% 30% 12% 16% 15% 29% 29% 
CHINA 0% 9% 11% 54% 32% 23% 18% 
 
  Table 1.2: Signals of Stock Market Liberalization in East Asia 
Country Official Liberalization Date  First country Fund  Frist  ADR2 
Japan  January , 1980 na. na. 
Hong Kong  January , 1973 na. na. 
Singapore  June, 1978 na. na. 
Korea January , 1992 August , 1984 November, 1990 
Taiwan  January , 1991 May, 1986 December, 1991 
Malaysia December, 1988 December, 1987 August, 192 
Thailand September, 1987  July, 1985 January,1991 
Philippines June, 1991 May, 1986 March, 1991 
Indonesia  September, 1989 February, 1980 April, 1991 
China  na.  na.  na. 
                                                 
1 It should be noted that although these emerging markets have officially liberalized their stock markets, 
various degree of direct and indirect barriers still exist for investors.  
 
2  ADRs refer to American Depositary Receipts 
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Notes: On Nov 5, 2002, the China Securities Regulatory Commission and the People’s Bank of China 
introduced the Qualified Foreign Institutional Investor program as a provision for foreign capital 
to access China’s financial market, including stock market and bond market  
 
With the relaxation of capital control in East Asian countries, the degree of stock 
market integration and interdependence has become more intensively concerned to 
international investors, economists and policy makers.  For international investors, the 
relaxation of capital control in these countries offers great opportunities, because it 
allows investors to have a larger basket of foreign securities to choose from. However, 
the benefit of international diversification will be limited when stock markets are getting 
more integrated. Risk reduction and return improvement opportunities that any country 
can offer are closely related to how integrated a country is with the world market 
portfolio. Thus, it is important to quantify the degree of market integration since portfolio 
investment strategies will depend on the status of integration of the markets. For the 
economists and policy makers, the degree of stock market interdependence provides 
important information on a country’s openness of its financial system, and it has 
important implications for regional financial policy coordination. According to 
international finance theory, the efficacy of one country’s macroeconomic policy depends 
on the openness of its financial system (Fleming 1962, Mundell 1963). The more mobile 
is capital, the more substitutable are financial assets and the more difficult it is for a 
country to pursue independent financial policy. The degree of financial openness thus is 
an empirical question which needs to be addressed if policymakers are to know the 
structure of their aims. In the meanwhile, the stock market interdependence is related to 
capital flows, investment and consumption decisions which may interest the economists.  
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In East Asia, it has been largely accepted that there has been a rapid increase in 
international capital mobility since East Asian countries deregulated their financial 
markets from early 1990s. The continuous financial opening process has rendered the 
economies of the region to become much integrated into the global economy. However, it 
is still not clear that the international financial liberalization process has contributed to 
the integration of financial markets within the East Asian region. In general, trade 
liberalization tends to bring about trade integration on both global and regional levels, 
though possibly more on regional level. In a similar vein, we might expect that capital 
market liberalization can also make national stock markets more closely linked with each 
other through cross-border transactions. However, the empirical findings on the regional 
integration are very mixed and inconclusive. On one hand, some studies, like Park and 
Bae (2002) and Kim et al (2005), claim that the degree of stock market linkage in East 
Asia remains low; and unlike trade integration, the integration of financial markets in this 
region has been occurring more on a global level rather than on a regional level.  On the 
other hand, some studies such as De Brouwer (1999) and Eichengreen and Park (2005a) 
suggest that the regional markets have become increasingly integrated with the markets 
of developed countries over the last decades. Similarly, McCauley et al (2002) assert that 
the financial markets of East Asia are more integrated than is often suggested. 
As the extent to which East Asian markets are integrated among themselves as 
well as with the rest of the world is still unclear, this chapter aims at assessing the degree 
of stock market integration in the East Asia in both global and regional level within a 
single framework. The main objectives of the present chapter are threefold. Firstly, we 
develop a theoretical indication to measure the time-varying integration among national 
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stock markets. Secondly, we empirically estimate the degree of integration between East 
Asian stock markets and the world market and between each of these markets and the 
regional market of East Asia as a whole. The countries examined are ten countries of East 
Asia including Japan, Hong Kong, Singapore, Korea, Taiwan, Malaysia, Thailand, 
Philippine, Indonesia, China and the sample covers the period from Jan. 3, 1990 through 
Dec. 28, 2005. Thirdly, we examine the effect of two important events, namely the East 
Asian financial crisis and Chiang Mai Initiative, on the stock market integration in the 
East Asian countries. 
This chapter contributes to the existing literature in the following aspects. Firstly, 
it gives a dynamic picture of the evolution of stock market integration, the degree of 
global integration and regional integration are comparatively analyzed on weekly basis. 
There are a number of literatures exploring the degree of integration between East Asian 
stock markets and the world market, representative papers include Bekaert & Harvey 
(1995), Akdogan (1996), De Brouwer(1999) and Kivilcim (2001). However, few studies 
have compared financial integration on a global level with that of regional level. With our 
two-factor risk decomposition model with heteroskedasticity structure, we could obtain 
the short-run dynamic of stock markets interdependence as well as a long-term evolution 
of the interdependence which could be a better indictor of stock market integration. 
Secondly, we are going to test the impact of some external  events on stock 
market integration in the region of East Asia. The significant events within our sample 
period of particular interest to us are East Asian financial crisis in 1997 and Chiang Mai 
Initiative proposed in 2000 as to promote regional cooperation. It is said that Financial 
Crisis in East Asia has brought about an increase in the cross-market correlation among 
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East Asian stocks. This claim is not inconsistent with the findings of many studies that 
examined the impact of shocks like the 1987 US stock market crash, for example, 
Furstenberg and Jean (1989), Bertero and Mayer (1990). But the problem is that the 
increase in cross market correlations does not necessarily mean an increase in the 
financial market integration, because it can be a transitory phenomenon that could be 
observed only in the period of high turbulence. Therefore, to comprehensively assess the 
impact of Financial Crisis on the market integration, questions required to answer are that 
whether there is a prominent and long-lasting impact, how large is the magnitude of the 
effect and how the impact varies in different markets? 
            After the financial crisis erupted in July, 1997, East Asian countries realized that 
it is important to strengthen the self-help and support mechanism within this region, 
which would help Asian economies prevent and manage better future financial crisises. 
Since then, various financial arrangements have been initiated to promote financial and 
monetary cooperation in East Asia. Among these regional financial arrangements, the 
most important one is the Chiang Mai Initiative proposed by the ASEAN+3 Finance 
Ministers at their May 2000 meeting in Chiang Mai, Thailand. The ministers announced 
their intention to cooperate in four principal areas, namely monitoring capital flows, 
regional surveillance, network swapping and personnel training.  Although the Chiang 
Mai Initiative aims at expansion of swap arrangement among East Asian countries and it 
is more targeting on money markets arrangement among these countries, it could help to 
build a more stable financial investment environment for international investors within 
the region and stimulates cross-nation capital flows, which consequently would bring 
about an increase in regional stock market integration. Therefore, we should be able to 
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observe its effect on regional stock markets if it has been working effectively. It has been 
six years since the launch of Chiang Mai Initiative; we are interested in assessing whether 
this collaborative policy works well in promoting the regional stock market integration. 
Many studies have used sub-sampling method to verify the existence of impact of 
unexpected event like Financial Crisis, for example Hsiao (2000) and Yung (2002). 
However, with the sub-samples, the change of magnitude of the effect is usually not able 
to be examined.  As stated above, Chiang Mai Initiative was set up in 2000 to promote 
the regional financial cooperation within East Asia and help the countries to reach 
financial stability. However, there is no work aiming at investigating whether this policy 
is effective in promoting the regional integration. This chapter, however, will fill up the 
gap, and more significantly, is going to test the magnitude of effects of these events on 
the pattern of stock market integration.  
            Thirdly, instead of using US and Japanese market indices as world and regional 
benchmarks as many existing studies have done, such as Park and Fatemi (1993), Masih 
and Masih (1997) and Anoruo and Ramchander (2003), we employ the MSCI AC World 
as the proxy for the world market3 and MSCI AC Far East Index to represent the regional 
market. MSCI AC World is a free-float adjusted index and represents 80% of world 
market capitalization in both developed and emerging markets. It is one of the broadest 
stock price indices designed to measure the performance of global stock market. Whereas, 
MSCI AC Far East Index is used to represent the regional market performance within 
                                                 
3 It is a free float-adjusted market capitalization index that is designed to measure world market equity. it 
consists of the following 49 developed and emerging market indices: Argentina, Australia, Austria, 
Belgium, Brazil, Canada, Chile, China, Colombia, Czech Republic, Denmark, Egypt, Finland, France, 
Germany, Greece, Hong Kong, Hungary, India, Indonesia, Ireland, Israel, Italy, Japan, Jordan, Korea, 
Malaysia, Mexico, Morocco, Netherlands, New Zealand, Norway, Pakistan, Peru, Philippines, Poland, 
Portugal, Russia, Singapore Free, South Africa, Spain, Sweden, Switzerland, Taiwan, Thailand, Turkey, the 
United Kingdom, the United States and Venezuela. 
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East Asia4. In addition, MSCI AC Far East Index includes exactly ten countries examined 
in this chapter; therefore, the regional score based on this index could provide an accurate 
picture of how these countries are integrated among themselves.  
Fourthly, the study in this chapter highlights dynamic nature of stock market 
integration. We obtain dynamic integration scorers based on time-varying conditional 
variance due to the incorporation of GARCH structure which not only provides us time-
varying conditional variance series, but also leads to an improved efficiency of estimates. 
Additionally, we also get a time-varying parameter by adding dummy variables to the 
beta when testing the effects of unexpected events on integration.   
Our results provide evidences to exemplify that most of the East Asian countries 
are more integrated into the world market rather than the regional market. Financial crisis 
largely changed the pattern of stock market interdependence in East Asian countries with 
regional integration increasing sharply during the financial crisis period; however the 
impact is temporary rather than long-lasting. Further, our evidences do support the fact 
that East Asian countries get more regionally integrated after Chiang Mai Initiative. 
The rest of the chapter is organized as follows. Section 1.2 gives the literature 
review. Section 1.3 discusses the methodology employed to estimate time-varying 
integration scores. Data characteristics are described in Section 1.4, which also presents 
the empirical results and model diagnostics. Finally, Section 1.5 concludes the Chapter.   
 
 
                                                 
4  it is a free float-adjusted market capitalization index that is designed to measure equity market 
performance in the Far East. The countries included are China, Hong Kong, Japan, Indonesia, Korea, 
Malaysia, Philippines, Singapore Free, Taiwan and Thailand. 
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1.2 Literature Review  
There have been a number of studies examining the interrelation and interaction 
among the stock market integration in East Asia. In general, these papers look at how 
movements in the stock market in one country interact with those of other markets. Some 
of the more recent papers extend the analysis by including other variables such as the 
exchange rate and capital flows, while others have examined the effect of unexpected 
event like the Asian financial crisis on the interaction process. The methodologies 
employed in the literature range from simple correlations analysis to VAR based 
approaches such as Granger causality test for the short-run analysis as well as 
cointegration tests for the long run scenario. Some earlier researches use non-asset 
pricing models such as tracking the correlation coefficients across national equity returns 
over time. Ripley (1973) uses factor analysis to explore interrelationships between the 
stock price series, whereas Panton et al(1976) applying cluster analysis and Hillard (1979) 
using spectral method examine similar relationships among the international stock 
markets. Further, Maldonado and Saunder (1981) examine inter-temporal patterns of the 
correlation coefficients among international stock markets and conclude that pair-wise 
correlation coefficients are generally low and unstable.  
Although correlation analysis can give a general idea of cross-market relationship, 
it fails to explore the long run relationship between markets which is more relevant to 
stock markets interdependence and integration. Engle and Granger (1987) develop a new 
concept, namely co-integration, to investigate the long-run relationship of two time series. 
Since then, cointegration method has been widely applied to the economic and financial 
data analysis, and one of its intensive applications is to examine the co-movement of 
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stock markets. The studies of this strand have empirically explored the possibility of 
long-run equilibrium relationship among a group of national stock markets. In particular, 
if these markets are cointegrated, common stochastic trend will dominate their behavior 
in the long run. Kasa (1992), one of the first papers in this line, examines price indices of 
the equity markets of the US, UK, Japan, Germany and Canada, and finds a single 
common trend which implies that the returns in all of these markets are highly integrated.  
Most of these early studies focus on developed markets, namely the markets of 
Unite States, European countries and Japan. With the increasing importance of East 
Asian economies and their aggressive pace in opening up their financial markets, there 
are more and more academic attentions directing to this region. The main issues 
constantly addressed in these papers include relationship of East Asian markets with US 
market which is widely acknowledged as world’s dominant force, integration among East 
Asian countries and the impact of financial crisis on the interdependence among the 
markets in the region. The empirical evidences in these papers vary with the period of 
sample, frequency of data used as well as the model and methodology employed, and 
there have been no conclusive findings of the empirical studies.  
Roca et al (1998) find that there are no strong co-movement relationships among 
the five ASEAN markets, namely Indonesia, Malaysia, Philippines, Singapore and 
Thailand, for the period of 1988 through 1995. This result indicates low level of 
integration among the ASEAN markets. Likewise, Ng (2002) reports non-existence of 
long-run relationship among the equity markets of the same five ASEAN countries for 
the period between 1988 and 1997. Again, Azman and Azali (2002) find only partial 
evidence of cointegration in the five ASEAN equity markets for the period between 1988 
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and 1999. In contrast, Cheung and Liu (1994) employ the cointegration method to study 
the stock market relationship among US, Japan, Hong Kong, Singapore, Taiwan and 
Korea, and they find two cointegration relationships and four common trends among 
these markets. Other papers on East Asian market include Kanas (1998), Olienyk et 
al(1999), Phylaktis and Ravazzolo (2002) . 
An outstanding feature of studies on East Asian stock markets is that a great deal 
of academic attention has been given to the linkages between East Asian markets and the 
US and Japanese markets. Usually, these studies treat US as a world stock market 
benchmark and Japan as a regional effect, and try to answer whether East Asian stock 
markets are more integrated with world market or regional market. Many of the studies 
have found strong dominant influence of the US market in the Asian-Pacific region, and 
such papers include Park and Fatemi (1993), Masih and Masih (1997), Cha and Oh 
(2000), and Anoruo and Ramchander (2003). In addition, Phylaktis (1999) provides 
evidence to suggest the increasing influence of Japan in the East Asian region. Similar 
results are also shown by Johnson and Soenen (2002) who observe that the equity 
markets of Australia, China, Hong Kong, Malaysia, New Zealand and Singapore are 
highly integrated with the Japanese equity market. In contrast, Cho et al (1986) and 
Harvey (1991) find evidence that the Japanese and other Asian markets are not well 
integrated. Studies by Cheung and Mak (1992) as well as Alexakis and Siriopoulos (1999) 
also conclude that the Japanese market is found to play a less important role in the region. 
Furthermore, Ghosh et al (1999) argue that neither Japan nor the US drives the Asia-
Pacific stock markets.  
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In addition, capital asset pricing model (CAPM) has also gained popularity in 
testing the financial market integration. Intuitively, integration of financial markets refers 
to absence of risk premium differentials across countries for similar securities which 
could be measured by CAPM, good references in this line include Solnik(1974)] 
Lessard(1976) and Errunza  and Losq(1985). Bakaert and Harvey (1995) propose a 
measure of capital integration arising from a conditional regime-switching model. Their 
model allows conditional expected returns in any country to be affected by their 
covariance with a world benchmark portfolio and by the variance of the country returns. 
The beauty of their method is that their analysis allows the degree of market integration 
to change over time. In contrast to general perceptions that national markets are 
becoming more integrated, their results suggest that some countries are becoming less 
integrated into the world market. Since Bakaert and Harvey (1995), many authors have 
used the time-varying method to examine the behavior and correlation of international 
financial markets, like Bakaert and Harvey (1997), Ng (2000) and Michael and Giovanni 
(2000).  
There are also abundant papers which study the impact of such external events as 
liberalization and financial crisis on integration of stock markets. Works by Bertero and 
Mayer (1989), Lee and Kim (1994) as well as Bracker and Koch (1999) suggest that 
correlations among stock markets tend to increase during periods of market crises. Woo- 
Moon (2001) conducts a number of cointegration tests for his sample divided into 
different sub-periods corresponding to prior to, during and post the 1997 crisis and he 
finds more cointegrating relationships in the post-crisis period than in the other two sub-
samples. Fang (2002), Chatterjee et al (2003) and Daly (2003) confirm an increase in the 
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convergence of returns among the Asian markets since the advent of the 1997 Asian 
financial crisis. Yang et al (2003) examine the long and short-run relationships among the 
US, Japan and ten Asian stock markets. Their empirical results reveal that long-run 
relationships among these markets are strengthened during the crisis and that these 
markets are more integrated after the crisis than before that. One crucial implication of 
the above findings is that the degree of integration among markets tends to change over 
time, especially around periods marked by financial crises. Other papers having reached 
similar conclusions include Kanas (1998), Olienyk (1999), Hsiao and Tu (2000), 
Kivilcim and Gulnur(2001)and Aggarwal et.al (2003). 
Although the existing literature is abundant, they are not spared from inadequacy 
in drawing a clear picture of integration among national stock markets. While many 
studies have addressed the question of global or regional integration, they generally failed 
to give further information about the integration, like the magnitude and pattern of 
integration and whether the impact from external events is temporary or rather long-
lasting.  
Furthermore, as mentioned in the last section, most of the related works use US 
price index and Japan index as representing world and regional factors respectively for 
the region of East Asia, for example, Ng (2000), Hsiao and Tu (2000). However, as 
world’s markets other than US are also developing fast and gaining more significance 
during the last decade or so, it may not be appropriate to assume that US is the best proxy 
for global market as a whole. Europe Union, as one of the most important zone in the 
world economy, could exert significant influence on East Asian markets. Japan should 
also be treated as endogenous rather than exogenous factor among East Asian markets, 
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since Japan itself may be affected by other relatively significant markets in East Asia 
such as Hong Kong and Singaporean markets. Furthermore, those developing markets in 
East Asia may also be mutually affected by each other, especially HK and Singapore. 
 
1.3 Methodological Outline 
In this chapter, we extend the theoretical framework developed by Akdogan (1996) 
to adopt an international risk decomposition model which allows for time-varying 
parameter and conditional heteroscedasticity structure for the residuals. The main sources 
of time-variation in the estimates in our study are the time-varying conditional variances 
of return series of world’s, regional and country’s stock markets. 
 
1.3.1 Theoretical Background  
Akdogan (1996) proposes a quantifiable measure of market integration that can be used 
to rank countries by their level of integration. In his study, integration of a national stock 
market is measured against a global benchmark portfolio. The relevant measure of 
integration makes use of country betas evaluated against the global benchmark and 
subsequently calculates the fraction of systematic risk in total country risk relative to 
global benchmark. A growing systematic risk fraction would suggest that the market 
under consideration has become increasingly integrated with the world market. His model 
can be expressed as the following:  
Consider the standard single index return generating process: 
 i i i g iR Rα β ε= + +                                                                                              (1.1)  
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Where iR  is the rate of return of the stock market index of country i, gR  is the rate 
of return on a benchmark world index. iε  is the idiosyncratic component of the country’s 
market return. iα  is the intercept of the simple regression, iβ  is the beta of the ith 
country vis-à-vis the world market. The beta can be obtained as ,cov( ) / var( )i g gR R R , 
where cov( , )i gR R is the covariance between the rate of return on the ith market and the 
rate of return on the global benchmark, and var( )gR  is the variance of the rate of return 
of global market.   
The variance of market return of country i described in the equation (1.1) is then  
2var( ) var( ) var( )i i g iR Rβ ε= +                                                                                      (1.2)  
Consequently, the right-hand side risk elements as fraction of total risk of the 
country can be expressed as follows: 
















ε=                                                                                 (1.4) 
The term ip  in equation (1.4) is the fraction of systematic risk in country i vis-à-
vis the global benchmark, hence it is an appropriate measure of integration or 
segmentation of the country i with the world market. A growing fraction of systematic 
risk compared to the global benchmark suggests that the market i become more integrated 
into global market. On the other hand, the decreasing ip shows the country being less 
integrated with the world benchmark.   
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Therefore, with a single framework, various countries could be ranked according 
to their integration score or indicator ip . Akdogan (1996) uses a sample of twenty-six 
markets consisting mostly of developed and a few developing countries and spanning the 
period 1972 through 1990. The sample is divided into sub-periods and countries are 
ranked by their adjusted integration scores in the descending order. His work is inspiring 
and illustrative, however, the sub-sample results appear to be sensitive to the division 
point and the data selection. Meanwhile, with his method, it is not able to get a time-
changing pattern of integration degree which, however, is of more significance to policy 
makers and international investors. 
 
1.3.2 Extension of Agdogan’s method 
In order to measure the behavior of both regional and global integration, we 
extend Agdogan’s model to evaluate a country’s equity return against two benchmarks, a 
global market and a regional market. Specifically, the two-factor return-generating 
process for ten East Asian countries is specified as5. 
                                                                 (1.5) 
),0(~ 2,1 titit NI δε − ,  2 1,2 1,2, −− ++= tititi c βδαεδ  
Where ,i tR denotes log-return of the ith country’s stock index at time t; tgR , is the 
log-return of world price index, representing the global effect; trU ,  represents the 
regional return; 1−tI  refer to the information in time t-1, and ,i tε  represents an 
                                                 
5 The returns for some of the countries exhibit no autocorrelation or  appear to follow AR(2) or ARMA 
structure, so mean equation is modified accordingly to AR(0), AR(2) or ARMA in the case needed 
titrrtggtiiti URRcR .,,1,, εβββ ++++= −
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idiosyncratic factor to country i, it  is a random error term which follows an GARCH(1,1) 
process6, and the mean and variance equations are estimated jointly.  
As shown shortly below, the time-varying model of Eq. (1.5) enables us to 
differentiate between the relative influence of the world’s factor and regional factor on 
the East Asian markets. However, some technical problems have to be solved before 
conducting the analysis. As some common factor may drive both the world’s and regional 
markets, hence the regional market return series is likely to highly correlate with that of 
the world. Thus, multicollineality could incur if these return series are used 
simultaneously as regressors in Eq. (1.5). To circumvent this problem, we orthogonalize 
the return series before employing them to represent the world’s market and regional 
market. In particular, the term trU , is obtained as the residual from the following 
regression of regional return series on global return series, representing the regional 
effect orthogonal to tgR , : 
trtgtr URcR ,,, ++= γ                                                                                                     (1.6) 
Where trR , is the log-return of regional price index. Then, similar to Eq.(1.2), the 
conditional variance of returns for the ith country based on the last period information 1−tI  





1 −−−− ++= ttttruttggti IIUIRIR εββ                                (1.7) 
 That is: 
                                                 
6 Usually, in literature, GARCH (1,1) is sufficient to model the volatility structure. We also conduct 






, titrrtggtih δδβδβ ++= .                                                                    (1.8)                          
Upon dividing both sides by tih , , we have:  





2δβ= ;  ittrrt hB /2,2δβ=  ;  ittit hC /2,δ=                                                       (1.10) 
By definition, the tA  measures the global systematic risk, tB  measures the regional 
systematic risk uncorrelated to global risk and tC  measures the idiosyncratic risk of the 
ith country. Thus tA  denotes the relevant measure of country’s global integration, 
whereas tB  becomes the relevant measure of country’s regional integration.  
 
1.3.3 Incorporating the effect of Financial Crisis and Chiang Mai initiative  
As significant events of financial crisis in 1997 and Chiang Mai initiative in 2000 
have profoundly changed the operating mechanism of financial markets in East Asian 
countries, we are also interested in discovering whether these events change the pattern of 
stock market integration within this region and what the magnitude of their influences is. 
A number of studies have examined the impact of financial crisis on international 
markets linkages, for example Wing (2003), Hsiao and Tu(2000). Their results generally 
show financial crisis does influence the degree of financial integration in East Asian 
markets, however, they were not able to figure out the magnitude of the impact .  
Ng (2000) develops a model with time-varying parameter to test the impact of 
capital liberalization on volatility spillovers. Her study shows that liberalization events 
affect the relative importance of the world and regional factors over time. In this 
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subsection, we employ the similar approach by assuming that we have time-varying 
parameters resulting from the effect of Financial Crisis and Chiang Mai initiative, which 
are the most significant events during the period examined. By letting the parameter 
change over time, we do not need to divide the entire sample period into sub samples to 
test the effects of expected events, as normally done in most of the current researches. 
The time-varying parameter model is defined as:  
* ** * **
, , 1 , ,
2 2 2 2
1 , 1 , 1
( 1 2) ( 1 2)
~ (0, ),
i t i i t g g g g t r r r r t t
it t it i t t i t
R c R D D R D D U
I N c
β β β β β β β ε
ε δ δ αε βδ
−
− − −
= + + + + + + + +
= + +
          (1.11) 
D1 and D2 in the mean equation are the dummy variables for financial crisis 
and Chiang Mai Initiative respectively. D1 equals to one during financial crisis, otherwise 
zero, D2 equals to one after Chiang Mai Initiative and otherwise zero. In equation (1.11), 
βg represents the effect of world’s return series on ith country, βg* and βg** imply the 
effect of the Financial Crisis and the Chiang Mai Initiative on the spillover from world 
market to ith country. βr represents the effect of regional return series on ith country, βr* 
and  βr** imply the effect of the  Financial Crisis and the Chiang Mai Initiative on the 
spillover from regional  market to ith country. 
Consequently, conditional variance of individual country’s market return can be 
modified into the following equation:  
* ** 2 2 * ** 2 2 2
, , , ,* ( ) ( )i t g g g g t r r r r t i th β β β δ β β β δ δ= + + + + + +                                       (1.12)  
Then, we will have: 
1*** =++ ttt CBA                                                                                                            (1.13) 
Where 
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* ** 2 2 *
, ,* ( ) /t g g g g t i tA hβ β β δ= + +                                                                            
* ** 2 2 *
, ,* ( ) /t r r r r t i tB hβ β β δ= + +                                                                                    (1.14) 
*/2,
*
ittit hC δ=         
Therefore, *tA  and 
*
tB  represent global and regional integration level of national 
stock market of East Asia taking into account the effect of financial crisis of 1997 and 
Chiang Mai Initiative of 2000.  
Now that the formulae of scores for measuring global and regional integration of 
national stock markets have been set, the remaining task is to estimate the variances 
involved in Eq. (1.12) through Eq. (1.14).  Specifically, the idiosyncratic risk of stock 
market in each East Asian country, 2,tiδ , is obtained from estimating model (1.11). To 
estimate 2,tgδ  and 2,trδ , we model the first and second moments of  tgR ,  and trU ,  with AR 
and GARCH structures simultaneously. Specifically, we fit the following model to 
tgR , and trU , : 
Modeling world returns of tgR , : 












                                                (1.15)               
Modeling regional return of trU , : 












                                                   (1.16) 
 21
The conditional mean and variance equations in both model (1.15) and (1.16) are 
estimated jointly, and the estimated series of  2,tgδ  and 2,trδ  are used in (1.14) to calculate 
the global and regional integration scores of *tA  and 
*
tB .  
 
1.4 Empirical Results 
1.4.1 Data features 
The data employed in this study are weekly stock indices in terms of US dollars7 
spanning Jan. 3, 1990 through Dec. 28, 2005 with 836 observations; the data are obtained 
from Datastream. The indices used include Nikkei 225 Stock Average, Hang Seng Index, 
Singapore Strait Times Index, Korean SE Composite, Taiwan SE Weighted, Kuala 
Lumpur Composite, Bangkok S.E.T, Philippine SE Composite, Jakarta  SE Composite 
and  Shanghai SE Composite. Instead of using US and Japanese market indices as world 
and regional benchmarks, we employ the MSCI AC World as proxy for the world market 
and MSCI AC Far East Index for the regional market. The choice of weekly indices 
instead of daily indices is intended to avoid the problem of non-synchronous trading and 
the day-of-the-week effects.   
The summary statistics of data are presented in Table 1.3. The statistics include 
means, standard deviations, and first order serial correlation of returns and squared 
returns based on the Morgan Stanley Capital International (MSCI) and the local national 
indices. The mean return ranges from -0.0007 in Japan to 0.0022 in China. Most of 
developing markets have higher mean return than that of Japan over the sample; China 
has the highest mean return of 0.0022, followed by Hong Kong of 0.0020. On the other 
                                                 
7 Calculating the returns in U.S. dollars eliminates the bias induced by local inflation and foreign exchange.  
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hand, the returns of developing countries in this region are also characterized by high 
volatility. Over the sample, all of the seven emerging markets have higher standard 
deviation than those of relatively more developed markets, namely Japan, Hong Kong 
and Singapore, this result is consistent with previous findings in literature8. 
Over the sample, the first-order autocorrelation of weekly return series ranges 
from -0.06 for regional index to 0.082 for China, and the Ljung_Box statistics show the 
presence of linear dependency of market returns in most of the countries. For squared 
returns, the Ljung Box tests show strong non-linear auto-dependency in returns of all 
markets including world and regional return series. Linear dependency could be a result 
of market imperfections and non-linear dependency could be due to heteroskedasticity 
effect, therefore we allow GARCH structure for the residuals.  
Table 1.3:  Basic Statistics of Stock Return Series 
 
   Mean  Std.dev Skewness Kurtosis  p(-1) LB(6)  p2(-1)  
 
LB2(6) 
JA -0.0007 0.034 0.08 4.08 0.01 3.84 0.07 80.34*** 
HK 0.0020 0.034 -0.52 4.59 0.03 13.17**  0.14 84.04*** 
SIN 0.0010 0.032 -0.21 6.03 0.08 19.03** 0.19 129.44*** 
KO 0.00005 0.050 -0.46 9.62 -0.01 14.24** 
 
0.20 333.11*** 
TW -0.0007 0.047 -0.33 6.44 0.04 7.74 0.21 336.18*** 
MA 0.0003 0.043 -0.90 19.47 0.00 21.64*** 0.15 97.91*** 
TA -0.0007 0.047 -0.03 5.17 0.08 35.38***  0.23 172.81*** 
PH 0.0002 0.045 0.03 6.65 0.05 18.56*** 0.16 66.52*** 
ID -0.0006 0.056 -0.71 11.61 0.05 27.61*** 0.19 407.49*** 
CH 0.0022 0.062 1.53 24.31 0.08 19.39*** 0.16 35.36*** 
                                                 
8 Emerging markets are characterized by higher mean return and higher volatility, for example   
Harvey(1995) and Bekaert and Harvey(1997) for detail .  
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W 0.0009 0.010 -0.24 4.76 -0.05 9.060 0.22 131.6*** 
U 0.0000 0.020 0.33 5.57 -0.06 9.630  0.12 52.97***  
Notes: All weekly log returns are calculated in US dollars, p(-1) and p2(-1)  are the first order serial 
correlations of returns and squared returns respectively. LB(6) and LB2(6) are the Ljung-Box 
statistics with 6 lags of return series and its squared series. 
 
1.4.2 Empirical Analysis 
A. Correlation analysis of stock returns 
Before implementing the risk decomposition models proposed in the last section, 
we first use simple correlation analysis to get the primary relationship of stock markets 
return series of East Asian countries for the whole sample period as well as sub-periods 
before and after the financial crisis. The results are summarized in the Table 1.4, 1.5, and 
1.6 below.  
  Table 1.4:   Correlations of stock return series: Jan. 1990-Jan. 2006  
 MSCI AC World( Global Effect) 
 
Ut ( Regional Effect) 
Japan 0.57 0.72 
Hong Kong  0.52 0.11 
Singapore 0.48 0.22 
Korea 0.37 0.20 
Taiwan 0.32 0.13 
Malaysia 0.23 0.18 
Thailand 0.29 0.14 
Philippine 0.26 0.12 
Indonesia 0.17 0.15 
China  0.02 0.01 








   Table 1.5: Correlations of stock return series: Jan. 1990 – Jun. 1997 
  
MSCI AC World (Global Effect) 
 
Ut (Regional Effect) 
Japan 0.70 0.80 
Hong Kong  0.38 0.02 
Singapore 0.46 0.23 
Korea 0.18 0.14 
Taiwan 0.18 0.12 
Malaysia 0.31 0.13 
Thailand  0.15 0.04 
Philippine 0.23 0.02 
Indonesia 0.20 0.05 
China 0.02 -0.03 
MSCI AC World  1.00 0.32 
 
 Table 1.6: Correlations of stock return series: Jan. 1999- Jan. 2006 
 MSCI AC World (Global Effect) 
 
Ut (Regional Effect) 
Japan 0.54 0.62 
Hong Kong  0.62 0.12 
Singapore 0.53 0.16 
Korea 0.50 0.17 
Taiwan 0.40 0.13 
Malaysia 0.25 0.10 
Thailand  0.35 0.08 
Philippine 0.25 0.09 
Indonesia 0.19 0.11 
China 0.03 0.14 
MSCI AC World  1.00 -0.24 
   Notes: The data of China is from Jan. 1993. MSCI AC World is the benchmark index representing the 
global market. MSCI AC Fareast is the benchmark index representing the regional market. Ut is 
pure regional effect by orthogonalizing MSCI AC World and MSCI AC Fareast indices. 
 
 We could make three prominent observations from the tables above. Firstly, 
overall, the East Asian stock markets move much more closely with world market rather 
than with regional market except the case of Japan. Secondly, after financial crisis, most 
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of the countries experience increase in correlations with global market with exceptions 
being Malaysia and Indonesia. Thirdly, Chinese stock market is on average least 
correlated with both global market and regional market. This result may reflect the fact of 
the relative isolation of Chinese stock market from other markets. Although the 
correlation analysis yields a general idea of the interdependence among the stock markets, 
it produces only a static rather than dynamic and long term picture of the relations. Next, 
we estimate our model proposed in section 1.3 to get a more comprehensive picture of the 
stock markets integration. 
 
B:  Empirical results of risk decomposition models 
Table 1.7 below lists the estimates of the model Eq. (1.11), with Panel A 
containing the results of mean equation and Panel B the results of conditional variance 
equation. Overall, βg is significant for all the countries except China, whereas βr is 
significant in Japan, Hong Kong, Singapore, Taiwan and China. The results imply that 
most of East Asian countries are influenced significantly by the world market, while less 
number of countries are influenced by the regional market. Out of ten countries,   βg* is 
significant in six countries, βg** is significant in five countries. βr* and βr** are all 
highly significant at all the countries except for China, Japan and Taiwan have only one 
of the two terms being significant. The estimates of these two terms imply that Financial 
Crisis and Chiang Mai Initiative do generate effect on the individual market’s global 
integration and regional integration in East Asia.  
As shown in the Panel B of Table 1.7, ARCH and GARCH parameters are all 
significant at conventional significance levels. The magnitudes of s'α are much smaller 
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than those of s'β , indicating that conditional variances are rather persistent, nevertheless, 
the condition for stationarity of conditional variance is satisfied in all cases. 
  Table 1.7 Estimates of model Eq. (1.11)  
Panel A: Estimates of Mean Equation  

































































































































Panel B: Estimates of Variance Equation 
 JA HK SING KOR TAW MAL THI PHI IND CHN 
α  0.14 0.09 0.05 0.07 0.09 0.16 0.06 0.03 0.07 0.18 
 *** *** *** *** *** *** *** *** *** *** 
β  0.83 0.89 0.93 0.88 0.78 0.68 0.90 0.91 0.82 0.61 
 *** *** *** *** *** *** *** *** *** *** 
   Notes:  The estimated model is Eq. (1.11), the corresponding likelihood function is maximized with 
MLE. βg represents the world market effect on the country; βg* and βg** measure the effects of 
Financial Crisis and Chiang Mai Initiative on the  spillover effect from world market to the 
country; βr* and βr** measure the effects of Financial Crisis and Chiang Mai Initiative on the  
spillover effect from regional market to the country 
 
To calculate the time-varying global integration score *tA  and regional integration 
score *tB , we estimate the models Eq. (1.15) and Eq. (1.16) for global and regional return 
series respectively. Then the estimated conditional variance for global and regional return 
series }ˆ{ 2,tgδ  and }ˆ{ 2,trδ  are employed in formula in (1.14) to calculate the }{ *tA  and }{ *tB  
series for each of the ten East Asian countries. The resulted series }{ *tA  and }{
*
tB of each 
market are plotted in Figure 1.1 in the appendix A. Meanwhile, the Table 1.8 below lists 
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the average global and regional integration scores for each market calculated based on the 
}{ *tA  and }{
*
tB  series. Figure 1.1(Appendix A) and Table 1.8 together show a clear 
picture of the time-changing pattern of market integration, and overall speaking, the stock 
market integration process in East Asia is volatile rather than smooth. 
   Table 1.8 Average global and regional scores for each country for the whole period  
 JA HK SING KOR TAW MAL TAI PHI IND CH 
World  0.339 0.313 0.283 0.157 0.113 0.131 0.122 0.095 0.052 0.002
Region 0.537 0.039 0.056 0.047 0.025 0.045 0.032 0.033 0.046 0.004
W/R 0.63 8.03 5.05 3.34 4.52 2.91 3.81 2.88 1.13 0.50 
 
Specifically, Table 1.8 and Figure 1.1(Appendix A) shows that, on average, the 
regional integration score is less than the global integration score for most of the 
countries except for Japan and China, indicating that most of the East Asian countries are 
more integrated into the world market and less integrated regionally over the period 
examined. The result confirms that the liberalization policies adopted in East Asia since 
earlier 1990, such as deregulating and opening capital markets to foreign investors, may 
have accelerated them to integrate into the world market. This feature is more prominent 
in the relatively developed markets, such as Hong Kong which has average global 
integration score many times higher than regional score. Combining with the fact that 
Hong Kong is the first market to liberalize its financial market and probably the freest 
market in this region, we could conclude that the financial openness in Hong Kong has 
rendered it more integrated into global market rather than regional market  
It is noteworthy that, over the whole sample, China is the country which shows 
the lowest integration level, both globally and regionally. This is not surprising as China 
has been lagging behind other countries in the process of financial liberalization despite 
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its fast growing economy over the past decades. Up till now, China has not utterly opened 
its capital account, hence foreign investments in China’s stock market are substantially 
restricted. Further, China’s stock market is far from being well-established, for example, 
the ratio of stock market capitalization to GDP in China is still as low as 18% at the end 
of year 2005, which is the lowest such figure in the region.  To a large extent, China’s 
stock market is still isolated from the rest of the world. Nevertheless, China’s market is 
indeed influenced by world and regional factors, though the influence is very limited 
from the estimated results. 
Next, in order to manifest the impact of financial crisis in 1997 on the stock 
market integration in East Asia, we calculate the average integration scores for each 
country during different sample periods marked by the East Asian financial crisis; the 
results are shown in Table 1.9 below.   
  Table 1.9 Average global and regional scores before, during and after Financial Crisis  
    Before Crisis During Crisis After Crisis 
World  0.3004 0.3203 0.3833 
Japan Region  0.5501 0.5097 0.5273 
World  0.2885 0.2676 0.3462 
HongKong Region  0.0083 0.1543 0.0505 
World  0.2920 0.1220 0.3038 
Singapore Region  0.0048 0.1550 0.0921 
World  0.0698 0.1594 0.2500 
Korea Region  0.0018 0.1062 0.0837 
World  0.0108 0.1948 0.2040 
Taiwan Region  0.0063 0.0279 0.0438 
World  0.1873 0.0003 0.0954 
Malaysia Region  0.0004 0.2123 0.0620 
World  0.1190 0.1097 0.1281 
Thailand Region  0.0003 0.1161 0.0506 
World  0.0896 0.1312 0.0950 
Phillippine Region  0.0016 0.2072 0.0361 
World  0.0613 0.1103 0.0331 
Indonesia Region  0.0018 0.1649 0.0708 
World  0.0004 0.0001 0.0037 
China Region  0.0025 0.0018 0.0057 
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Clearly, the East Asian financial crisis of 1997 has indeed distinctly affected the 
pattern of integration, both regionally and globally, for all the countries examined except 
for the case of Japan. In particular, most of the countries increase their regional 
integration scores sharply during the period of crisis, the evidence is consistent with 
conclusions of some previous empirical studies that East Asia financial crisis has 
deepened the interdependence of stock markets. However, we should be cautious in 
interpreting the results. Only when the financial crisis brings about a lasting increase in 
regional and global integration scores, could we conclude that financial crisis has 
deepened the integration of stock markets in these countries. Otherwise, if the increasing 
score is a transitory phenomenon rather than a long trend of ascending, it could be 
explained by the increasing interdependences among the markets observed only in the 
periods of high turbulence (Woo-Moon, 2001).  
Our findings show that, after financial crisis, most of the countries have their 
scores of regional integration returning back to pre-crisis level. The dropping of local 
integration level shows that the increase in integration scores during the crisis period is a 
transitory phenomenon which could be resulting from contagion effect. Therefore, from 
this perspective, the impact of financial crisis on stock market is rather temporary than 
long-lasting. Baig and Goldfajn (1999) also conclude similarly that the sharp increase of 
degree of linkage between markets during the crisis period can be best explained by 
contagion effects when markets are experiencing high volatility. 
Figure1.1 (Appendix A) also shows that there is a general trend of higher global 
integration after 2000 in most of the countries with the exception of Malaysia and 
Indonesia. These findings are consistent with the financial openness status within this 
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region. Measured with Chinn-Ito financial openness index9, East Asian countries can be 
classified into three groups. The first group includes Japan, Hong Kong and Singapore 
which have relatively high degree of openness during 1984-2004. The second group 
consists of Korea, Taiwan, China and Philippines with a low but rising level of openness. 
In the last group of Malaysia and Indonesia, capital account openness sharply declined as 
the direct result of attempting to slow the outflow of foreign investment in the wake of 
financial crisis in 1997.  
After the financial crisis erupted in July, 1997, various measures have been taken 
to promote financial collaboration within East Asia, among which Chiang Mai Initiative, 
proposed by the ASEAN+3 Finance Ministers at their May 2000 meeting in Chiang Mai, 
Thailand, is the most important step. To detect the possible effect of the Initiative on the 
stock market integration in East Asia, we also compute the average integration scores for 
each country for two sub-periods, namely prior to and after the establishment of the 
Chiang Mai Initiative, and present the results in Table 1.10.  
   
 
Table 1.10: Average integration scores before and after Chiang Mai Initiative  
    Before Chiang Mai  After Chiang Mai 
World  0.7814 0.4001 
Japan Region  0.5491 0.5137 
World  0.2915 0.3614 
Hong Kong Region  0.0263 0.0622 
World  0.2644 0.3242 
Singapore Region  0.0230 0.1166 
World  0.0781 0.3069 
Korea Region  0.0146 0.1064 
World  0.0443 0.2523 
Taiwan Region  0.0104 0.0516 
                                                 
9 The Chinn-Ito openness index (2004)  is based on cross-border restriction on financial transactions 
reported in the IMF”s Annual Report on Exchange Arrangements and Exchange Restrictions (AREAER).  
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World  0.1490 0.0981 
Malaysia Region  0.0264 0.0791 
World  0.1154 0.1353 
Thailand Region  0.0145 0.0645 
World  0.1013 0.0859 
Philippine Region  0.0270 0.0454 
World  0.0618 0.0377 
Indonesia Region  0.0216 0.0903 
World  0.0005 0.0043 
China Region  0.0048 0.0027 
 
Our estimates in Table 1.10, together with Figure1.1 (Appendix A), show that the 
region did experience a trend of increasing regional integration after Chiang Mai 
Initiative. The regional integration score lifted up after May, 2000 and formed a long 
rising trend in all the countries except Japan and China, which can be verified by visual 
inspection of Figure 1.1(Appendix A). The reasoning for the result could be that, 
although Chiang Mai Initiative aims at expanding swap arrangement and targeting on 
money markets arrangement in East Asian countries, the initiative does help to build a 
more stable financial environment within the region for international investors, hence, it 
could stimulate cross-nation capital investments which consequently bring about an 
increase in regional stock market integration. The results support the argument that 
Chiang Mai Initiative has successfully played a role in scaling up regional financial 
integration. 
Additionally, it is worth noting that all countries reached peak in the global 
integration score in the late 2002 or early 2003 as shown in Table 1.11 below this 
paragraph which lists the maximum integration scores and corresponding date for all the 
countries examined. Specifically, all the highest global integration score for each of these 
countries realized during the period of Oct. 23, 2002 through Mar. 26, 2003. The possible 
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reason for this scenario could be found in what happened in US economy at that time. 
During the period of 2001 to 2003, Federal Reserve cut interest rate 13 times to boost its 
economic growth. . Unfortunately, these policies could not effectively boost the economy; 
on the contrary, they brought about uneasiness to the investors. The US stock market thus 
experienced high volatility during those years. The US stock index fell to the bottommost 
in Oct, 2002 From the picture, we can see that East Asian markets respond immediately 
to these ups and downs, hence display high global integration scores. This demonstrates 
the fact that US still remains a very influential role in world stock market and it is 
consistent with the conclusion from some related works like Bala(1995), Rumi(2001) and 
Woo-Moon(2001). 
  Table1.11: Maximum integration scores and corresponding date 
World  0.6722 30/10/2002
Japan  Region  0.8060 14/10/1998
World  0.7364 23/10/2002
HongKong Region  0.1773 07/08/2002
World  0.6196 26/03/2003
Singapore Region  0.2868 07/08/2002
World  0.6302 18/12/2002
Korea Region  0.2658 31/03/2004
World  0.7006 23/10/2002
Taiwan Region  0.1434 26/11/2003
World  0.2651 20/11/2002
Malaysia Region  0.2288 07/08/2002
World  0.3925 26/03/2003
Thailand Region  0.2140 07/08/2002
World  0.2995 16/10/2002
 Philippine Region  0.1955 07/08/2002
World  0.1020 11/12/2002
Indonesia Region  0.3154 04/01/2006
World  0.0271 30/10/2002
China  Region  0.0466 03/02/1999
 
To make clearer the integration picture of each of ten East Asian countries, we 
clarify and summarize our findings market by market in this and subsequent paragraphs. 
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Specifically, we can sort ten markets into a few groups as some markets present similar 
features in global as well as regional integration. Firstly, Japan is the largest and most 
advanced market in this region, it also shows highest integration level, both globally and 
regionally10, among these countries. In particular, it appears that Japan tends to move 
more closely with the regional market, as it has a relative higher regional integration 
score. Actually in early 1990’s, Japan already had high level of global and regional 
integration, and Asian Financial crisis and Chiang Mai Initiative did not exert substantial 
effect on the market. Secondly, within this region, Hong Kong presents many similarities 
to Singapore in terms of many facets of their financial markets, and they also resemble 
each other in the stock market integration. Both markets present high magnitude of global 
integration, but relatively much lower regional integration; whereas during the financial 
crisis, the regional integration score increases sharply. In addition, after Chiang Mai 
Initiative, both markets experienced moderately elevated integration score with both 
global and regional markets. Further, Table 1.8 shows that, among East Asia, these two 
markets maintain global integration score closest with that of Japan. Thirdly, the next two 
markets exhibiting similar pattern of integration are Korea and Taiwan. The two 
countries and districts all started their financial liberalization in early 1980s, but various 
regulations were still imposed on their financial markets through 1990s (De Brouwer, 
1999). Before 2000, the degrees of global integration and regional integration are all at 
low level in Korea and Taiwan. However, after 2000, the two markets are increasingly 
integrated with regional market, and even more with global market. Therefore, financial 
crisis and Chiang Mai Initiative could have had effects on the integration of the markets.  
                                                 
10 The high integration level, both globally and regionally in Japan should be partially explained by Japan’s 
heavy weight in MSCI AC World and MSCI AC Far East indices.  
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  Fourthly, although Malaysia and Indonesia started releasing restrictions on 
financial markets since 1980s, the integration of these markets with outside markets, both 
global and regional, has remained moderate throughout the sample. The most striking 
point is that, unlike most of other markets in the region, after financial crisis, these two 
markets appears to have retreated from global stock market as shown by small global 
integration scores which are even substantially lower than pre-crisis level..  Furthermore, 
the regional integration scores of Malaysia and Indonesia are also low except during the 
period of crisis when they went up dramatically yet transitorily. Comparing with 
Malaysia and Indonesia, the stock markets of Thailand and Philippine display similar 
dynamic of integration, especially in terms of regional integration. However, the later two 
markets appear to have maintained relatively stable integration score with global market, 
even after taking into account the effects of financial crisis and Chiang Mai Initiative.  
Finally, Chinese stock market seems like a maverick in terms of integration 
behavior among East Asian countries. As stated above, China is the market which is least 
integrated with both global and regional market as a whole. On average, it global and 
regional integration score are as low as 0.002 and 0.004 respectively, and the scores do 
not change much with the significant events of financial crisis and Chiang Mai Initiative. 
Actually, the result is just as expected given the fact that Chinese financial market has not 
been formally liberalized until its recent entrance into WTO which has prompted 
financial deregulation and liberalization in China, and even now its capital account is still 
under strict control.  
 
C: Diagnostics and Robust Test  
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To verify the adequacy of the fitted model, Table 1.12 reports diagnostic tests 
performed on the standardized residuals and the corresponding squared residual series. 
Ljung-Box (LB) statistics are used to test the null hypothesis of zero autocorrelation up to 
6 lags in both the standardized residuals and its squared series. All of the LB statistics 
and ARCH_LM statistics are insignificant, indicating the mean and volatility process is 
adequately specified. 
To check the robustness of our model, we select a different data set to check 
whether our model is sensitive to the data selection. Specifically, instead of using the 
national stock price index, we re-estimate the model (1.11), (1.15) and (1.16) by using 
MSCI price index for each market. The result of time-varying integration scores 
calculated for the new data set according to the formulae in (1.14) is very much similar to 
the one obtained in the previous sub-section; details are shown in Figure 1.2 (Appendix A) 
  Table 1.12: Diagnostics for the residual of entertained model  
 JA HK SING KOR TAW MAL TAI PHI IND CHN
Stat 8.51 6.84 5.95 18.25 4.29 5.76 4.05 9.96 7.97 7.56 LB(6) 
P  0.20 0.33 0.42 0.10 0.63 0.45 0.66 0.12 0.24 0.27 
Skewness 0.11 -0.38 -0.12 0.15 -0.01 -0.06 -0.04 0.09 0.00 -0.07 
Kurtosis 4.23 4.16 3.94 3.80 4.02 3.32 3.49 4.02 3.78 4.10 
Stat 2.35 3.48 9.78 3.36 4.23 1.56 1.99 2.68 3.02 3.96 LB^2(6) 
P 0.88 0.74 0.13 0.76 0.64 0.95 0.92 0.84 0.80 0.68 
Stat 0.65 0.94 1.01 0.49 0.60 0.41 0.36 0.48 0.48 0.79 ARCH= 








1.5 Conclusion  
In this chapter, we implement a two-factor risk decomposition model with 
GARCH structure to examine the time-varying financial integration, both globally and 
regionally, in East Asia. We aim at investigating the evolution of integration of East 
Asian stock markets with both global and regional markets since early 1990s when most 
of the countries within this region were opened up to foreign investors. In addition, we 
examine the impact of Financial Crisis in 1997 and Chiang Mai Initiative in 2000 on the 
pattern of the integration process. The major empirical findings are illustrative. Firstly, on 
average, most of East Asian countries have higher global integration score than regional 
integration score, indicating that these countries are more integrated into the world 
market rather than within themselves. Secondly, the pattern of integration is influenced 
greatly by Financial Crisis of 1997 such that, during the crisis period, most of the 
countries have their regional integration score increasing dramatically. However, our 
results demonstrate that the impact of financial crisis on the stock markets’ regional 
integration is rather temporary than long-lasting. Additionally, after Chiang Mai Initiative, 
the region has seen a long trend of increasing regional integration. Thirdly, the year 2002 
saw a dramatic increase in global integration score for all the East Asian countries, which 
corresponds to the high volatility of US stock market during this period, demonstrating 
the dominant effect of US market to East Asian countries. 
 Finally, the technique proposed in this study for measuring integration of national 
stock markets is fairly general and could be applied to any number of stock markets.  
Whereas, the time-varying source of integration score obtained in this chapter is from 
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conditional variance of the returns, not from the beta itself except in the case of dummy 
variables being employed. As beta parameter itself could be time-varying, there is a 
scope to extend the parameter into time-changing one to capture the property of 















Financial Integration in East Asia--Evidence from Real Interest Rate 
Linkage 
 
2.1 Introduction  
Since 1980s, East Asian countries have been attempting to promote economic 
efficiency by liberalizing their domestic financial systems and removing restrictions on 
international capital flows. It is widely known that public deficits have largely 
contributed to the development of bond markets in OECD countries and have trigged the 
whole liberalization process. In contrast, financial deregulations in East Asia have mainly 
focused on money market and stock market. Generally, most countries in East Asia have 
followed the similar pattern to liberalize their financial markets. In the first stage, ceilings 
on deposit and lending rate were gradually removed. The interest rate liberalization took 
place in Hong Kong in mid-1970s and followed by Singapore, Japan, Malaysia and 
Indonesia in late 1970s and early 1980s, whereas Taiwan and Thailand took steps 
towards liberalization in the second half of 1980s; Korean liberalization was delayed until 
1990s.  
In the second stage, measures were implemented to increase competition within 
the financial sectors. These measures include disintermediation of financial circuits and 
deregulation of the banking system. For example, in Indonesia, the banking sector 
reforms started from1988 which has resulted in public banks being privatized and more 
foreign banks were allowed to carry out local businesses.  
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One of the most significant consequences of these deregulations is the increasing 
degree of financial integration in East Asia. Financial integration can be empirically 
observed and measured by criteria such as international parity conditions. The uncovered 
interest rate parity states that the difference between domestic and foreign interest rates 
equals the market’s expectation of the change in the exchange rate. This parity, together 
with purchasing power parity, implies the equalization of real interest rates across 
countries. Because real interest parity involves purchasing power parity which entails 
arbitrage in goods and services, the real interest parity condition encompasses both real 
and financial integration.  
Investigation of real interest rate parity is important because it represents a 
building block to exchange rate models. The cross-country equality of real interest rates 
has been an important assumption in the early monetary approach to exchange rate 
determination, as proposed by Frenkel (1976), Bilson (1978), and Mussa (1982). The real 
interest rate differential model introduced by Frankel (1979) implies that real interest rate 
parity holds in the long-run when the exchange rate reaches its long-run equilibrium. 
Moreover, the real interest differential is also an important determinant in explaining 
exchange rate movement in the short run. Shafer and Loopesko(1983)  provide evidence 
to show the strong relationship between real interest differentials and real exchange rate.    
The validity of real interest rate parity is also an important issue to policy makers. 
Equalization of real rates across countries implies that the influence of the domestic 
monetary policy on real interest rates is limited by the extent to which monetary policy is 
influenced by the world’s real interest rate. In addition, Feldstein (1991) points out that 
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unless real interest rates can differ across countries, policies directed at increasing 
domestic savings cannot increase the rate of capital formation and hence productivity.  
   Given the importance of real interest parity to the monetary policy, there has been 
bunches of studies on real interest rate equalization since early 1980s. These works 
include Cumby and Obstfeld (1984), Mark (1985), Goodwin and Grennes (1994), 
Huchison and Singh (1997), Phylaktis (1999) and Yamada (2002) among others.  Despite 
the fruitful researches on major developed markets, much less studies have been focusing 
on East Asian markets, as East Asian financial liberalization has only a short history. 
Also, the financial data on the openness of East Asian countries are not available until 
later 1980s or1990s. Nevertheless, East Asia is a region of growing importance in the 
world economy. For the past ten to twenty years, the region’s economy has experienced 
dramatic up and downs, ranging from being categorized as “East Asian Miracle” in early 
1990s, collapsing in Financial Crisis 1998 to gradual recovery since then. Therefore, it is 
very significant to examine to what extent East Asian financial markets are linked to the 
world’s market and how financial crisis has changed the degree of financial integration in 
this region.  
In order to address the issues above, Granger residual-based cointegration method 
is applied in this chapter to examining whether real interest rates have a long-run relation 
between East Asian countries and US and between East Asian countries and Japan, 
specifically, with consideration of structural break of East Asian financial crisis. As we 
know, the capital market imperfections which drive a wedge between real interest rates 
could also reduce the sensitivity of capital supply and consequently drag the interest rates 
back to the equilibrium.  Therefore, the adjustment speed of real interest rate from short-
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run deviation to long-run equilibrium could be another indicator of financial market 
integration; and the faster the speed of adjustment, the higher the degree of financial 
integration is implied.  We make use of this reasoning to explore the degree of financial 
integration within a VECM framework. Finally, to alleviate possible biases in estimates 
caused by the short data length employed in the chapter, especially for cointegration and 
VECM study, we exploit one statistical technique, bootstrap, specially designed to 
address the situation of this sort. All the point estimates and test values in cointegration 
regressions and VECMs are derived from corresponding bootstraping estimate series with 
size of 1000.  
Furthermore, there is on-going debate on whether Japan could be the economic 
anchor in this region. Thus, it is of great importance to examine the relative importance 
of US and Japan in this region and we are also interested in the question of whether there 
is increasing impact of Japan in the region since financial crisis. Therefore, variance 
decomposition method is applied to comparing  the relative importance of US and Japan’ 
s influence on  the real interest rates of East Asian countries.  
Our empirical results show that when conventional cointegration method is 
applied without consideration of possible structural break, only Singapore among Asian 
countries is found to have cointegration relationship with US since 1990s. However, if 
we treat financial crisis between 1997 and 1998 as a structural break which is detected by 
one unit-root test taking into account endogenous structural change, we find more 
cointegration relationships. Before the financial crisis, Hong Kong, Korea and Indonesia 
are cointegrated with US, but evidences of cointegration are substantially stronger after 
financial crisis. We find cointegration relationship between US and most of the East 
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Asian countries, namely, Japan, Hong Kong, Singapore, Thailand, Philippine and 
Indonesia .These results demonstrate the increasing financial integration between East 
Asia and US after financial crisis. Our results also show that US still maintains its 
dominant role in determining the real interest rates in this region. However, there is 
evidence that Japan also gains increasing importance after financial crisis, especially in 
Malaysia and Indonesia. 
The rest of the chapter is organized as follows: Section 2.2 gives the literature 
review; Section 2.3 describes the data and methodology employed in this chapter; Section 
2.4 presents the empirical results and implications. Section 2.5 concludes the chapter.  
 
2.2 Literature Review 
Given the theoretical importance of real interest rate to international financial 
system, research on the real interest rate equalization has gained tremendous progresses. 
The researches in this line started around early 1980’s and have burgeoned since 1990’s. 
Early attempts to test real interest rate parity (RIP) hypothesis use conventional 
regression techniques, but the results are overwhelmingly against the real interest rate 
equalization. Mishkin(1984) and Cumby and Obstfeld (1984) find little support for the 
real interest rate parity, and the results are robust with respect to countries and price 
deflator. Mark (1985) employs the CPI based real interest rates of six OECD countries 
and extends the analysis to test for the equality of the pre-tax real rate. He fails to support 
the hypotheses of the net-of-tax real equality. However, as Goodwin and Grennes(1994) 
point out, the existence of non-traded goods and transaction costs could render the 
condition for real interest rate equalization more likely to be rejected in the regression 
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context, even when the capital markets are efficient and fully integrated . Moreover, 
Goodwin and Grennes(1994) argue that statistical inferences based on the conventional 
regression technique may not be valid when the real interest rates exhibit unit-root non-
stationarity property.  
In view of the shortcomings of conventional techniques listed above, Goodwin 
and Grennes (1994) argue that the existence of the long-run equilibrium among the real 
interest rates should have strong implications to the real interest rate parity. They suggest 
the use of the cointegration analysis proposed by Engle, Granger and Johansen (1987, 
1988) as an alternative method since it provides a suitable framework to investigate the 
long-run equilibrium relationship. Their cointegration analyses reveal strong evidence of 
the real interest rate parity and financial integration among a number of countries. Since 
then, the cointegration technique has been largely applied to this area. For example, 
Chinn and Frankel (1995) find that real interest rate parity holds for the following interest 
rate pairs: United State and Singapore, United State and Taiwan, and Japan and Taiwan. 
Huchison and Singh (1997) and Phylaktis (1999) also use the cointegration test and 
identify strong linkage among the real interest rates of US and other major financial 
markets. These studies have found high degree of financial integration, though the 
condition for RIP hypothesis does not hold in general.  
More recently, Yamada (2002) uses a tri-variate cointegration technique to 
examine the RIE for USA, UK and Japan and finds strong evidence of cointegration 
relationship. Glodberg and Lothian(2003) take a slightly different approach by testing 
structural breaks and attempt to account for changes in the exchange regime for major 
world economies .Their results also give support to the real interest rate equalization by  
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showing  that on average, real interests rates share a long run equilibrium and  real 
interest differentials across the country are mean-reverting.  
Despite the fruitful research works on major developed markets, there are much 
less papers investigating interest rate linkage concerning East Asian markets. Early 
studies mainly concentrate on integration between Japan and US, like Otani and Tiwari 
(1981) and Ito (1988). Recently, there have been increasing interests on other markets. 
For example, Bhoocha and Stansell(1990) look  at interest rates between Hong Kong and 
Singapore versus US. Faruqee(1992) examines the uncovered interest rate differential 
between Singapore, Malaysia, Korea and Thailand versus the Japanese LIBOR. The 
results of these studies support the view that there are substantial integrations between 
East Asian markets and international financial markets based on covered or uncovered 
interest rate parity. Chinn(1995) demonstrates that Hong Kong, Malaysia and Taiwan are 
linked with both US and Japan; Singapore is solely linked with US, while  Korea, 
Thailand and Indonesia appear to be closer with Japan.  Phylaktis, K. (1997) applies 
cointegration method to examine the real interest rate linkage between East Asia versus 
US and Japan with a data set from 1970s to early 1990s. His results also show that there 
has been an increasing integration between East Asia and both US and Japan during the 
1980s. The latest works on real interest rate linkage in East Asia include the paper of Kim 
and Phillip (2005). They apply Johansen cointegration method and find long run 
equilibrium relationship within East Asia region. They also find short-run dynamic 
interactions in which Singapore, Malaysia and Thailand play the role of equilibrating 
factors.  
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Nevertheless, the real interest parity still remains the controversial issue. Time 
spans of earlier studies on East Asia usually do not cover 1997 through 1999 when the 
region underwent financial crisis. More recent studies do cover the financial crisis period, 
but none of the research has formally taken into consideration of possible impact of 
structural break in East Asia caused by financial crisis. In recent research, Leybourne and 
Newbold (2003) discuss the properties of commonly employed tests of cointegration 
applied to unit root processes subject to structural change. They show that the tests of 
Engle-Granger (1987) and Johansen (1988) are likely to spuriously reject the null of no 
cointegration in the presence of breaks. Therefore, it is highly probable that the presence 
of neglected structural change could lead to the problem of spurious regression (see 
Granger and Newbold 1974; Phillips 1986) which cointegration methods are intended to 
overcome. This chapter tries to fill the gap in literature by firstly examining the financial 
integration in East Asian countries with a longer sample spanning the financial crisis 
around 1998, and secondly employing cointegration test and VECM by controlling for 
endogenous structural break to reveal with more accuracy the evolution of dynamic 
financial process within this region, an increasingly influential economic entity in the 
world. 
 
2.3 Data and Methodology 
The data used in this study are monthly interest rates of USA, Japan, Hong Kong, 
Singapore, Korea, Taiwan, Malaysia, Thailand, Philippine and Indonesia, the data are 
obtained from Datastream. The sampling period starts from early 1990’s and it varies for 
some countries according to the availability of data. The sampling period for USA, Hong 
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Kong, Singapore, Taiwan, Philippine and Indonesia is from Jan. 1990 to Dec. 2004; Jan. 
1993 to Dec. 2004 for Japan; Jun. 1993 to Dec. 2004 for Korea; Aug. 1993 to Dec. 2004 
for Malaysia; and Jan. 1992 to Dec. 2004 for Thailand. The nominal interest rates are the 
short-term domestic money-market interest rates including: three-month interbank rates 
for USA, Japan, Hong Kong, Thailand, Malaysia; commercial paper 91D for Korea; 
Treasury bill 91D for Philippine and Interbank bank call for Indonesia. The consumer 
price index (CPI) is used to denote the price level of individual countries.  
In capitally integrated economies, real interest rates on financial assets will tend 
to converge. Thus, real interest rate equalization is the broadest theoretical measure of 
financial integration. It is instructive to consider what real interest rate parity (RIP) 
entails. Briefly, it involves the joint hypothesis of uncovered interest rate parity (UIP) and 
purchasing power parity (PPP) as follows:  
UIP:                                                       (2.1) 
PPP:                                                              (2.2) 
where. e ktS +Δ  is the expected change in the exchange rate, p is the log-price 
level, f represents foreign country. tR is country’s nominal interest rate. Combining (3.1) 
and (3.2) with the Fisher equation, kttt pERr +Δ−= ,                                         yields the 
expression of real interest rate parity. 
RIP: ftt rr =  
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and examine the RIP by conducting a joint test for  
0H : 00=a  & 11 =a .  
Researchers, for example Cumby and Mishkin (1986), Mark (1985) and Marston (1995), 
generally reject the hypothesis 0H . However, the above tests have ignored some 
important points. Firstly, it does not allow for any capital market imperfections such as 
transaction cost. Such cost can lead to the estimates of 0a  and 1a  different from expected 
values. In the presence of transaction cost,  1a   is expected to be different from one even 
though the financial markets may be indeed highly integrated. Secondly, by taking this 
regression, it is assumed that real interest rates are stationary.  This assumption, however, 
is not the usual case. In the case that the series are non-stationary, the regression is 
spurious and the estimated standard errors for the coefficients will not be consistent. 
To overcome the spurious regression problem, we employ the technique of 
cointegration developed by Engle and Granger (1987) in this chapter to investigate the 
long-run relationship between pair of real interest rate series. If a series, say ty , has a 
weakly stationary, invertible and stochastic ARMA representation after differencing d 
times, it is said to be integrated of order d, and denoted as )(~ dIyt . Most non-
stationary financial series are integrated of order one, i.e. I(1). We call a weakly 
stationary series to be integrated of order zero, i.e. I(0). If two series, tx  and ty , are non-
stationary of same order, but some linear combination of them could be stationary, then 
tx  and ty  are said to be cointegrated with each other. If two real interest rate series are 
cointegrated, it means that the real interest rates share a long-run equilibrium. From this 
perspective, real interest rate parity implies (i) the real interest rates are cointegrated; (ii) 
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The cointegration vector has coefficients of equal and opposite signs. If only the first 
condition holds, then the two real interest rates are subject to the same stochastic trend 
but real interest parity fails to hold. Even the RIP is rejected; it is still significant to 
investigate the cointegration relationship between real interest rates. Specifically, we 
adopt the following techniques in this chapter: 
 
2.3.1 Cointegration test and VECM model  
The concept of cointegration employed here was proposed by Engle and Granger 
(1987). Basically, it says that variables, say tx  and ty which are )1(I , tend to diverge as 
∞→t , because their unconditional variances are proportional to t . Thus, it might seem 
that such variables could never be expected to obey any sort of long-run equilibrium 
relationship. But in fact, it is possible for two or more )1(I  variables to form certain 
linear combinations which follow )0(I  process. If that is the case, the variables are said 
to be cointegrated. If two or more variables are cointegrated, they must obey an 
equilibrium relationship in the long-run, although they may diverge substantially from the 
equilibrium in the short-run. The concept of cointegration is fundamental to the 
understanding of long-run relationship among economic time series.              
In particular, suppose that two variables, ty1  and ty2 , are found to be I(1), ty1  and 
ty2 are said to be cointegated if there exists a vector 
Τ−≡ ],1[ 2ηη  such that 
[ 0], 22121 =−≡ yyyy ηη .  At any point of time, the equilibrium cannot be expected to 
hold exactly. However, we may define the disequilibrium error tv  as  
221 yyvt η−= .                                                                                                               (2.3) 
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Then, statistically speaking, the variables ty1  and ty2 are said to be cointegrated if there 
exists a vector η such that tv  is )0(I  process.  
Generally, let ( )′= nttt yyY ......,,1 denotes an ( )1×n  vector of I(1) time series. If 
there exists a vector ( )′−−= nηηη ,......,,1 2 such that: 
( )0~...' 221 IvyyyY tntnttt =−−−= ηηη  .                                                                    (2.4) 
Then, the variables ntt yy ......,,1 are said to be cointegrated with cointegrating vector 
( )′−−= nηηη ,......,,1 2 .  
The easiest way to estimate a cointegration vector is to turn equation (2.4) into a 
regression equation and then estimate it with OLS: 
 tntntt vyyy +++= ηη ......211                                                                                         (2.5) 
When ntt yy ......,,1  are cointegrated, the OLS estimates from the above regression will be 




 at rate T  
instead of usual rate of 2/1T . Unfortunately, the fact that 
∧η  is a super-consistent estimate 
does not imply that it always has good properties in finite sample. The asymptotic 
distributions of ⎟⎠
⎞⎜⎝
⎛ −∧ iiT ηη  are asymptotically biased and non-normal, the OLS formula 
for the asymptotic variance of 
∧
tη is not valid and the estimators are not efficient also. A 
feasible way to obtain better estimates of η has been suggested by Stock and Watson 
(1993). They prove that efficient estimates may be obtained by running the following 
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−221 ωηα                                                                                      (2.6) 
where ( )′= nttt yyY ,...,22 , ( )′= nc ηηη ,...,2 , tY2Δ  denotes the differenced series of tY2  and 
jϖ  denotes an (n-1) vector of coefficients. Thus, equation (2.6) simply adds up p leads 
and p lags of the first difference of  tY2  to regression (2.5). Doing so removes the 
deleterious effect of short-run dynamics in the equilibrium error tv . It has been shown 
that under some assumptions, 
∧
tη from (2.6) is consistent, asymptotically normally 








⎛ −= ∧∧∧ nc ηηηη ,......,,1,1 2                                                                            
and the cointegrating error become: 
ntnttt yyyz
∧∧ −−−= ηη ......ˆ 221                             .                                                          (2.7)       
Consequently, cointegration test is done by running regression (2.6) first, then testing 
whether or not the residual series tz
∧
 in (2.7) is ( )0I  process. An intercept may be added 
to account for the possible non-zero mean of tY . Sometimes, time trend t  is also put to 











1 εφ .                                                                              (2.8) 
The above two-step procedure for testing cointegration was originally proposed by Engle 
and Granger (1987). However, the t-ratio from this test no longer has the Dickey-Fuller 
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distribution, since the parameter 
∧
tη  has been estimated and therefore makes the residual 
series appear slightly more stationary than if it were computed at the trueη . The 
distribution of this test was first tabulated by Engle and Granger and has come to be 
called the Engle-Granger distribution. Tables of critical values are included in Engle and 
Yoo (1987) and more precise values included in Mackinnon (1990).   
Once the cointegration relations among variables are established, Engle and 
Granger (1987) show that the cointegration leads to the Vector Error Correction Model 
(VECM) which is extremely powerful in modeling the long-run as well as short run 





























                                 (2.9) 
Where ( )′ΔΔ=Δ ttt yyY 2,1 is the difference series of ),( 21 ′= ttt yyY . The VECM 
incorporates the long-run equilibrium relation and short-run dynamic adjustment process 
of series to the equilibrium into one equation system. The cointegration relation is shown 
by the cointegrating variable which is 122111 −−− −= ttt yyz η . Since  2
∧η  is super-consistent, 
the cointegrating variable can be replaced by its estimate 122111 −
∧
−−
∧ −= ttt yyz η , in other 
words, it is treated as exogenous in the regression (2.9). The short-run dynamic 
adjustment indicated by ( )′= 21,ααα  harbingers the reaction of series when the series 
deviate from the long-run equilibrium. The magnitude of si 'α represents the speed of the 
adjustment.  
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We have demonstrated that the essence of Engle-Granger method is to apply ADF 
test to the residuals obtained from the properly established linear regression of variables. 
However, the critical values of ADF are only asymptotically valid. Hence, they may be 
seriously misleading in finite sample. This issue has gained much attention. For example, 
Kiviet and Phillips (1990) show that the finite-sample distribution of z test can be 
calculated numerically in the same way as the finite-sample distribution of the Durbin-
Watson statistic. Mackinnon (1991) uses response surface analysis to provide finite-
sample critical values for the Engle-Granger (1987) two step cointegration tests and 
provides a simple summarization of the simulation outcomes and estimates of critical 
values for any finite sample size. In this chapter, Mackinnon’s tabulated critical values 
for cointegration test with finite sample are employed. 
Another problem we should take into account is the possible presence of 
structural break in the real interest rates of East Asian countries as a result of Financial 
Crisis around 1998 .Usual unit root tests are well known to have notoriously low power 
in small samples which is especially true in the presence of structural breaks. Perron 
(1989) demonstrates how standard unit-root tests cannot reject the unit root if the data 
generating mechanism is stationary but contains a one-time break, and this result holds 
even asymptotically. Consequently, the corresponding cointegration test will be biased 
toward rejecting the null hypothesis of cointegration too frequently. He shows that for 
real interest rates, this is a particularly troublesome problem. In the examination of US 
real interest rate, Bonser (1990) discovers breaks in both 1973 and 1980. Also, Garcia 
and Perron (1996) present evidences consistent with these findings. Therefore, in this 
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chapter we try to take care of any possible structural break in the involved series when 
conducting the cointegration test.  
 
2.3.2 Testing for structural breaks  
As discussed above, the standard ADF test is not appropriate for testing for the 
non-stationarity of series possessing structural change, thus we take structural break into 
account when employing the unit-root test. Perron (1989) argues that the existence of 
structural changes tends to bias the finding from ADF tests, and he develops a model to 
test the hypothesis that a given series has unit root with an exogenous structural break. 
More elaborate work in this line by Zivot and Andrew (1992) (hereafter ZA) overthrew 
the presumed exogenous break point and developed a unit-root test with endogenous 
structural break, which has been regarded as a more suitable method to test for the order 
of integration of series. We adopt ZA’s method in the current chapter to test for unit root 
present in the series since our study period covers the Asian financial crisis in late 90s.  
With ZA’s method, three cases are investigated, namely a shift in the mean of the 
series; a shift in the growth rate of the series and a shift in both mean and growth of the 
series. The null hypothesis for all the three cases is:  
H0:    ttt eyy ++= −1μ  
That is, the series has a unit root without a structural break. The alternative hypothesis is 
that it can be represented by various trend-stationary processes with a breakpoint 
occurring at an unknown time. The aim of the ZA’s procedure is to test the candidates for 
this possible breakpoint and select the one that gives the most weight to the trend-
stationary alternatives. The breakpoint λ  is chosen as the minimum t-value for the 
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* )()(                        (2.12) 
Where 1)( =λtDU  if λTt >  and 0 otherwise; λλ TtDTt −=)(* if λTt >  and 0 
otherwise; and TTb /=λ , the proportion of the total number of observations T up until 
the breakpoint Tb . In testing the unit root hypothesis, the smallest t-values for the 
hypothesis 1=iα  in each instance are compared with the set of critical values estimated 
by Zivot and Andrew (1992).  
 
2.3.3 Strengthen the robustness of estimates using Bootstrap  
One possible technical pitfall of the investigation above is the limited number of 
sample points in cointegration tests and VECMs. As pointed out in the literature, the 
sample size should be sufficiently large for conducting multivariate VECM inference or 
VAR analysis in general11. This shortcoming is especially disturbing when we further 
divide the sample according to structural break revealed by ZA test. To enforce the power 
of inferences from the estimates, we make use of bootstrap technique which is widely 
adopted in this situation to address the curse of small sample size, by re-sampling the 
                                                 
11 For example, Martens & Poon(2001) 
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original data in certain sense and obtain series of parameter estimates from which all the 
inferences and testing procedures are derived 12 . Actually, bootstrap is one typical 
computer-intensive statistical method based on Monte Carlo simulation to measure 
specially the accuracy of estimates. In particular in our case, after estimating 
cointegration regression (DOLS) (2.6) and VECM equation system (2.9), we obtain 
residual series Ntvt ,...,1},ˆ{ =  and MTvv tt ,...,1},ˆ,ˆ{ 21 = , where N and M are residual 
sizes in model (2.6) and (2.9). The first step of bootstrap is to draw a sample with 
replacement from each of the residual series of size N and M respectively, denoted 
Ntv t ,...,1},ˆ{ * =  and MTvv tt ,...,1},ˆ,ˆ{ 2*1* = . Next, we construct new data sample of 




ttt yyY ΔΔ=Δ  using the newly drawn residual series and parameter 
estimates based on equation (2.6) and (2.9) respectively. The third step is to re-run the 
models (2.6) and (2.9) using the newly constructed data samples, the new estimates and 
test statistics are then obtained. Finally, we repeat the bootstrapping process for many 
times, say P runs. Consequently, we end up with a series of estimate of size P for each 
parameter, and the average and standard error of P bootstrapping estimates constitute the 
final estimate and standard error, respectively, of the parameter. All the point estimates 
and test statistics in cointegration tests and corresponding VECMs obtained in the chapter 




                                                 
12 In particular, the bootstrap method employed in this chapter is non-parametric bootstrap for time series 
model. Alternative parametric bootstrap is equally widely employed in empirical work, see Efron and 
Tibshirani (1986). 
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2.3.4 VAR Variance Decomposition  
Besides investigating the co-movement of East Asian interest rates with US 
interest rate, an issue of more recent vintage involves the question of whether Japan gains 
economic dominance in the region. Chinn and Frankel (1995) examine the question of 
whether USA or Japanese nominal interest rates are more influential in East Asia. In 
addition, Frankel and Wei (1993) assess whether a trade or currency bloc is formed in the 
East Asia.  In this chapter, a variance decomposition method is applied to investigating 
the issue. 
Basically, variance decomposition is conducted within a VAR framework; and it 
decomposes the variation of an endogenous variable into the component shocks. Thus, 
the variance decomposition provides information about the relative importance of each 
random innovation in affecting the variables in the VAR. 
Specifically, we assume that change of domestic real interest rate, dR , is subject 
to three shocks--shocks from US, Japan and country-specific shock. Thereafter, for each 








,,,1),()()()()(                                                               (2.13) 
Where )(tY  is a 13× vector consisting of ).(tRd )(tD is a 13×  constant vector. )(sB is a 
33×  coefficient matrix, and )(tu is a 13×  vector of serially uncorrelated random errors 
with zero mean vector and finite variances. 
The VAR specification defines )(tu  as an innovation in )(tY  which is the 
component in )(tY  that cannot be predicted from the past values of variables in the 
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system. The moving average representation (MAR) is obtained by successive substitution 







stusAtFtY                                                                                         (2.14) 
Where )(tF  is a 13×  constant vector and )(sA is a 33×  matrix of coefficients. The MAR 
represents )(tY  as a linear combination of current and past one-step-ahead forecast errors. 
The MAR expression represents the information equivalent to that contained in the 











stesCstuHHsAstusA                                         (2.15) 
Where )(sC  = )(sA H , )()( 1 stuHste −=− −  and the matrix H is such that 'HH   is a 
factorization of the covariance matrix )(tu by the Cholesky decomposition. With the 
monthly data, the k-month ahead forecast error of )( ktY +  at time t can then be 









sktesCkteCtekCtekC                (2.16) 




2,∑ ∑= −=nj ks ji sC  and 
∑ ∑∑ = −=−= nj ks jiks ji sCsC 1 10 2,210 , )]([/)]([  is a component of the error variance of the k-
month ahead forecast of iY  which is accounted for by innovations in iY . In our analysis, 
the MAR equation is used to compute the proportions of the forecasting error variance in 
the first difference of real interest rate, dR , that can be attributed to shocks originating in 
the US, Japanese and local market itself.  
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To estimate the equation above, the following two identifying restrictions are 
employed to recover them from reduced-form innovations. The first one is that neither 
Japan nor country specific shock has long-run effects on US real interest rate. The second 
one is that country-specific shocks have no long-run effects on Japanese real interest rate. 
These restrictions are generalizations of the small-economy assumptions that are often 
made in studies of international economics. Thus, each economy we examine is 
considered to be small in the region and the region as a whole is also a small part of the 
global economy. With these restrictions in place, the model is estimated and we can 
reveal the influences of US and Japan on East Asian countries.  
 
2.4 Empirical Analysis 
2.4.1 Data characteristics 
Figure 2.1 below provides a summary view of how real interest rates in the eight 
countries have behaved over the sample period. A glance of the Figure reveals one hump-
like pattern in most of the East Asian real interest rates. The hump occurred between year 
of 1997 and 1998 when the Financial Crisis broke out. We find that Hong Kong is the 





























































































Figure 2.2: Plot of real interest rates of East Asian countries less US real interest 






















Figure 2.2 above gives the real interest rate differentials (RID) of East Asian 
countries against US. Similar to Figure 1, we find hump-like real interest rate 
differentials in the year between 1997 and 1998. Overall, real interest rate differentials 
are different from zero, indicating that real interest rate parity does not exactly hold on 
the whole in most of the East Asian countries. However, there is evidence that real 
interest rate differentials for some countries have been shrinking and getting close to zero 
since 2000. In Table 2.1 below, we present summary statistics for the real interest rate 
differentials between the US and the East Asian countries. 
 
     Table 2.1: Summary statistics of real interest rate differentials 
 19938M-19977M 19991M-200412M 
 Mean Mean-t Stand Dev Mean Mean-t Stand Dev 
Jap  3.898 17.077 1.581 3.231 13.512 2.029 
HK  0.161 -2.184 0.512 0.164 2.196 0.635 
Sing 2.332 14.505 1.114 1.958 11.760 1.413 
Kor 7.784 44.263 1.218 2.147 -17.689 1.030 
Taw 1.538 -8.668 1.229 0.245 3.105 0.668 
Mal  1.159 -5.756 1.396 0.224 0.970 1.961 
Thai 2.33 14.505 1.114 0.524 3.387 1.311 
Ind 7.535 13.032 4.006 9.776 -10.902 7.609 
Phi 6.941 18.711 2.570 4.692 -23.143 1.720 
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  The information is given for both of two sub-periods.13 Some observations can 
be made from the Table 2.1. Prior to the financial crisis, only in the case of Hong Kong is 
the mean close to zero but still statistically significant.  After financial crisis, however, 
the mean is getting closer to zero in the case of Hong Kong, Taiwan, Malaysia and 
statistically insignificant in Malaysia. We notice that average real interest rate 
differentials reduce in most of the countries except for Hong Kong and Indonesia for 
which the RID rise slightly. By the criterion of average interest differentials, most of the 
countries in East Asia appear more integrated with US in the second sub-period than in 
the first sub-period. However, the average value may mask substantial offsetting positive 
and negative deviations. Moreover, average real interest differentials may be 
inappropriate measures of economic integration, given the differing risk attributes of the 
debt instruments as well as the presence of non-tradable goods. The Balassa-Samuelson 
hypothesis would predict larger real interest differentials between less developed country 
and developed country if productivity growth is very different in tradable and non-
tradable sectors (Ostfeld, 1994). Hence, a deeper look into the property of data is 
necessary. 
 
2.4.2 Cointegration results  
Our proposed cointegration test relies upon the non-stationary property of series. 
In this chapter, besides applying the traditional ADF tests to detect the non-stationarity of 
the series, we adopt the modified unit root test method, namely ZA test of Zivot and 
                                                 
13Here our selection of breakpoints is based on prior observation of the data. Later , we will test the exact 
breakpoints based on more rigorous econometric technique  
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Andrew (1992) to identify the possible structural breakpoint present in the investigated 
series. The results of two tests are compared and reported in Table 2.2 below. 
  Table 2.2:  Unit root test for real interest rates and their differentials 
ADF ZA test 
Market  With trend Without trend t-value Break point Lag 
US       
1990M2-2004M12 -1.967*** -2.023*** -3.389*** 2000M12 2 
Pre Crisis -1.401*** -2.257***    
Post  Crisis  -0.955*** -0.959***    
Japan       
1992M1-2004M12 -2.155*** -2.684** -4.338** 1995M3 1 
Pre Crisis -2.552*** -1.972***    
Post  Crisis  -3.960* -3.505*    
HongKong       
1990M2-2004M12 -1.427*** -1.203*** -3.339*** 1998M1 4 
1990M2-1998M1 -0.601*** -0.347*** -1.877***   
1998M2-2004M12 -5.558 -2.303*** -4.708***   
Singapore       
1990M2-2004M12 3.421** -2.543*** -3.575*** 1998M1 4 
1990M2-1998M1 -0.427*** -1.452*** -2.244***   
1998M2-2004M12 -2.657*** -2.727** -5.543*   
Korea       
1993M6-2004M12 -4.485 -2.082*** -4.774*** 1998M11 8 
1993M6-1998M11 -2.754** -2.790** -5.480*   
1998M12-2004M12 -2.696*** -2.693** -3.948***   
Taiwan       
1990M2-2004M12 -4.237 -2.411*** -6.159 1997M2 2 
1990M2-1997M2 -4.168 -3.532’ -5.801   
1997M3-2004M12 -2.691*** -2.825** -3.734***   
Malaysia       
1993M8-2004M12 -1.620*** -1.204*** -7.961 1998M8 6 
1993M8-1998M8 -2.864*** -0.554*** -3.478***   
 1998M9-2004M12 -1.845*** -3.643 -13.544   
Thailand       
1992M1-2004M12 -1.790*** -1.183*** -5.513* 1998M6 3 
1992M1-1998M6 -1.949*** -0.419*** -3.844***   
1998M7-2004M12 -11.153 -7.784 -5.542*   
Philippine      
1990M2-2004M12 -3.448* -2.329*** -3.973*** 1997M6 15 
1990M2-1997M6 -3.051*** -1.214*** -4.772***   
1997M7-2004M12 -2.319*** -1.607*** -3.357***   
Indonesia       
1990M2-2004M12 -1.724*** -1.741*** -4.831** 1997M8 1 
1990M2-1997M8 -0.971*** -0.964** -2.133***   
1997M9-2004M12 -4.170 -3.466* -3.678***   
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As shown in Table 2.2, ZA test gives the unit root test results along with the 
endogenous breakpoints in each country. The breakpoints detected by the test for each 
country largely coincide with our initial observation from the data. Most of the revealed 
breakpoints occurred in the year of 1997 and 1998 when the East Asian financial crisis 
broke out. For USA and Japan, the time of breakpoints is different from the others as 
these two economies were not hit significantly by the financial crisis.  ZA test accepts the 
null of a unit root for most of the countries, except for the cases of Malaysia and Taiwan. 
In Malaysia, real interest rate is found to be non-stationary only before the breakpoint; 
whereas in Taiwan, the unit root is only observed after financial crisis. Results of ADF 
tests with/without trend are slightly different from ZA test. There is evidence of unit root 
present in Taiwan’s interest rate for the whole period and in Malaysia after the breakpoint. 
Overall, we could conclude that, like most financial time series, these real interest rates 
examined follow I(1) processes. Then, we can proceed to conduct cointegration tests 
between pairs of the real interest rate series. However, the sample used in cointegration 
test for Malaysia is limited to post-crisis period, and for Taiwan, only ante-financial crisis 
period is examined.  
To conduct cointegration test, we first fit the DOLS model (2.6) to the pairs of 
interest rates.  Secondly, we apply unit root test to the residuals tz
∧
( tz
∧ −= ty1 ty22
∧η ), 
which is also the second step of the Engle and Granger cointegration test. The critical 
values based on CRADF are adjusted for finite sample size (Mackinnon, 1991). We 
conduct the test for the whole period and each of two sub-periods to compare the results 
which are shown in Table 2.3. 
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  Table 2.3: Cointegration results in East Asia for the whole sample period and sub-periods 
 1990-2004 Before Break After Break 
 CRADF η2 CRADF η2 CRADF η2 
Jap -2.954 0.071 -2.986 -0.622 -3.491** 0.034 
HK  -2.311 1.191     -7.949*** 1.094 -4.090*** 1.255 
Sing  -3.320* 0.653 -0.8085 0.713 -4.325*** 0.446 
Kor  -2.235 1.619 -6.448***     1.062 -1.452 0.568 
Taw ----       ---- -----     - --- -1.443 
 
1.017 
Mal  -1.796 0.697 -1.293 -0.130 ----- ----- 
Thai -1.703 1.881 -2.713 2.107 -5.385*** 0.601 
Phi -2.679 1.716 -1.865 1.275 -3.211*** 1.228 
Ind -1.747 2.264 -3.927** 1.557 -4.012** 4.205 
   Notes: CRADF are cointegrating regression augmented Dickey-Fuller statistics. The critical values 
have been adjusted for residual-based cointegration test and also the finite sample size. η2 is 
obtained from the DOLS equation , indicating the cointegration vector . **indicates 
significance at 5% level, *** indicates significance at 1% level.  
 
It is interesting to find that though the null hypothesis of non-cointegration can 
not be rejected in most of the countries for the whole period except Singapore, the picture 
changes dramatically when we cut the period into sub-samples according to their 
structural breakpoints which represent the shocks from East Asian financial crisis around 
1998. Before the financial crisis, only Hong Kong, Korea and Indonesia are cointegrated 
with US.  However, during the second sub period after crisis, evidence of cointegration 
has been substantially increased. Null hypothesis of non-cointegration can be rejected at 
1% confidence level for Hong Kong, Singapore, Thailand and Philippine,  at 5% level for 
Japan and Indonesia. These results demonstrate the increasing financial integration 
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between majority of East Asian countries and US after financial crisis. In the case of 
Korea and Taiwan, however, there is no evidence of cointegration after financial crisis. 
These results are not surprising given the fact that Korea and Taiwan still maintained 
restrictions on their capital account even in late 1990s. Our results provide support for 
modeling the long-run relationship with consideration of structural break, and failure to 
consider the structural break may result in a misleading conclusion. The argument of 
deepening financial integration in East Asia has also been documented in other papers, 
like Yung (2002) and Hsiao (2000).  
Our cointegration analyses spare Malaysia, since we did not find unit root in 
Malaysia for post financial crisis period. However, we should be cautious against any 
rash conclusion that Malaysia does not move closely with US market. More appropriate 
conclusion could be augmented by investigating the fundamental institutional 
arrangements between two sides. As known, Malaysia adopts fixed exchange rate system 
after financial crisis. According to the theory of international finance, more flexible 
exchange rate regimes give the country more freedom to pursue their independent 
monetary policies. Therefore, the sensitivity of local interest rate to international base 
rates should increase with the increasing rigidity of the exchange rate regime. In other 
words, we could expect that local interest rate would be more responsive to the 
international base rate under the fixed exchange rate system. By examining the average 
RID during the post-financial crisis period, we do find that RID for Malaysia is quite 
close to zero with the value of 0.224 and is statistically insignificant, which actually gives 
strong evidence for validity of real interest rate parity between Malaysia and US after 
financial crisis.  
 67
2.4.3 Vector Error Correction Model (VECM) 
  However, the above analyses do not tell us whether real interest rates of East 
Asian countries adjust back to its long-run equilibrium with US when they deviate from it. 
Neither do they answer the question of the relative importance of US and Japan to East 
Asian countries. To answer these questions, we explore short-run dynamics by employing 
the concept of vector error correction model. Estimates of the cointegration coefficients 
and the coefficients of error correct term in VECM are reported. The lag structure of the 
difference of the real interest rates was determined by the usual diagnostic tests for model 
specification. Since we only find strong evidence of cointegration relationship between 
US and East Asian countries during post financial crisis period, our comparisons of 
VECM models are conducted only for this sub-period. The comparisons will shed lights 
on the roles of US and Japan in this region. Before the setting up of VECM model, we do 
the cointegration tests between East Asian countries and Japan for post financial crisis 
period, following the exactly same procedure as that done with US. We find evidence of 
cointegration relationship between East Asian countries and Japan, and details are 
provided in Appendix B in which only the estimates of cointegration vector and 
adjustment speed are reported.  
      Table 2.4: VECM model results  
Panel A: East Asian Countries VS U.S. 
VECM correction  coefficients 
 2η          1α         T-stat          2α         T-stat 
HK (1,-1.255) -0.464 [-6.204]*** -0.003 [ -0.171] 
Sing (1,-0.446) -0.120 [-2.543]*** -0.011 [-0.459] 
Thai (1,-0.601) -0.291 [-7.2689]*** -0.010 [- 0.465] 
 68
Phi (1, -1.228) -0.115 [-2.612]*** -0.011 [-1.187] 
Ind (1,-4.205) -0.147 [-2.762]*** -0.002 [-0.149] 
Panel B: East Asian Countries VS Japan 
 VECM correction  coefficients 
 2η  1α  T-stat *2α   T-stat 
HK (1,-13.023) -0.226 [-1.512] 0.010 [ 2.694]*** 
Sing  (1,-6.058) -0.071  [-1.426] 0.024 [ 2.870]*** 
Thai (1,-8.866) -0.191    [-4.628]*** 0.006 [ 2.624]*** 
Phi （1,-14.1） -0.224    [-3.318]*** 0.009      [2.091]** 
Ind (1,-73.59) -0.312 [-0.835] 0.001 [ 1.580]* 
       Notes: 2η  is the cointegration vector estimated from DOLS equation (2.6). In panel A, 1α  is 
adjustment speed estimates for the real interest rate in East Asian countries, and 2α   is the 
adjustment speed of US real interest rate. In panel B, *2α  is the adjustment speed of the 
real interest rate of Japan. T-ratios are also reported. The sample period is different 
according to the structural breakpoints in these countries *, ** and *** denote significance 
of 10%, 5% and 1% respectively.  
 
In Panel A, several inferences can be made. Firstly, the coefficient of error 
correction term, or adjustment speed, is significant in at least one of the equations in all 
the countries, as implied in the Granger Representation Theorem. Secondly, the 
adjustment speed is statistically significant and negative in all countries when the 
dependent variable is the real interest rate of East Asian countries. This implies that it is 
East Asian countries that adjust their real interest rate back to long-run equilibrium when 
short-run deviation occurs. The magnitudes of adjustment speeds of these countries 
suggest that the real interest rates in East Asian countries adjust in response to deviations 
within a relative small band as suggested by the cointegration vector. Thirdly, the 
cointegration vectors also provide some important information. Under the real interest 
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rate parity theory, RIP holds if cointegration vector is (1, -1) for each country. Although 
this apparently is not the case here, we actually find that the cointegration coefficients are 
not far from unit for many of the countries. 
In Panel B, we report the results of the error correction models fitted on pairs of 
real interest rates of East Asian countries and Japan. The picture revealed by the results is 
quite different from that of between these countries and US. Particularly, in all cases, the 
error correction term is positive and statistically significant when the dependent variable 
is Japanese real interest rate. At same time, the error correction terms are only statistically 
significant in Thailand and Philippine when the dependent variables are the real interest 
rates of these countries. This shows that when the deviation happens, Japan will respond 
and move to eliminate the deviation as implied by the positive sign of adjustment speed, 
indicating that Japan does not play a dominating role in real interest rate markets of this 
region. In addition, we find the cointegration vectors in this case are far from (1,-1) as 
implied by real interest rate parity. Furthermore, the magnitudes of the adjustment speeds 
when the dependent variables are East Asian countries are, on the whole, smaller than 
those in Panel A, which confirms the lower degree of financial integration with Japan. All 
these results demonstrate the relatively less importance of Japan’s role in this region. 
Therefore, in terms of real interest rate linkages, Asian countries are more integrated with 
US market rather than with Japan.  
 
2.4.4 Variance Decomposition Results  
Our analyses above demonstrate that Japan has not taken over the dominant role 
of US in influencing the real interest rates of East Asia. However, our analyses so far 
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have not delineated the evolution of relative importance of US and Japan in this region. 
We do not know whether Japan, even though not dominant in this region, has gained 
more importance in the process of financial integration. To investigate this issue, we 
conduct the Variance Decomposition analysis to see how much of the forecast error in 
East Asian countries is contributed by Japan and how much is due to US market. The 
data sample is again divided into two sub-periods according to the structural break in 
each country, and the analysis is done for both pre- and post-financial crisis periods. 
Doing this enables us to see if there is a change in the relative importance of the US and 
Japanese influence on the Asian markets after the financial crisis around 1998 and we are 
also safeguarded against any possible misleading conclusion caused by the structural 
break. The results are reported in Table 2.5 below.  
  Table 2.5: Variance decomposition of the East Asian countries 
Panel A: Variance decomposition with the order of  ],,[ ijaust RRRY =  
6 12 24             Period  
Countries 
  US Japan Local US Japan Local US Japan Local 
Before 
FC 14.19 7.06 78.74 14.18 7.10 78.71 14.18 7.10 78.71
After        
FC 43.09 2.88 54.03 43.12 2.88 54.00 43.12 2.88 54.00HK 
  %change 2.04 -0.59 -0.31 2.04 -0.59 -0.31 2.04 -0.59 -0.31 
Before 
FC 0.98 2.71 96.31 0.98 2.73 96.30 0.98 2.73 96.30
After        
FC 20.89 9.53 69.57 21.18 9.51 69.32 21.19 9.51 69.30Sing 
  %change 20.41 2.51 -0.28 20.71 2.49 -0.28 20.73 2.49 -0.28 
Before 
FC  13.34 6.55 80.12 13.34 6.55 80.11 13.34 6.55 80.11
After        
FC 8.72 2.78 88.50 8.86 2.78 88.36 8.87 2.78 88.35Kor 
  %change -0.35 -0.58 0.10 -0.34 -0.58 0.10 -0.34 -0.58 0.10 
Before 
FC 4.93 6.03 89.04 4.93 6.05 89.01 4.93 6.05 89.01
1999-
2004 39.74 6.22 54.04 40.34 6.15 53.51 40.36 6.15 53.50Taw  




FC  2.38 0.68 96.94 2.47 0.70 96.83 2.47 0.70 96.83
 71
1999-
2004 1.73 29.30 68.96 1.79 29.29 68.92 1.79 29.29 68.92
%change -0.27 41.87 -0.29 -0.28 41.11 -0.29 -0.28 41.10 -0.29 
Before 
FC  0.98 2.71 96.31 0.98 2.73 96.30 0.98 2.73 96.30
1999-
2004 7.74 5.46 86.80 7.77 5.46 86.77 7.77 5.46 86.77Thai 
  %change  6.93 1.01 -0.10 6.96 1.00 -0.10 6.96 1.00 -0.10 
Before 
FC 2.81 4.25 92.94 2.81 4.25 92.93 2.81 4.25 92.93
1999-
2004 5.22 6.43 88.35 5.23 6.43 88.34 5.23 6.43 88.34Phi 
  %change  0.86 0.51 -0.05 0.86 0.51 -0.05 0.86 0.51 -0.05 
Before 
FC 6.01 0.70 93.30 6.09 0.68 93.23 6.11 0.68 93.22
1999-
2004 0.94 10.39 88.67 1.19 10.44 88.37 1.20 10.44 88.35Ind 
  %change -0.84 13.91 -0.05 -0.80 14.33 -0.05 -0.80 14.38 -0.05 
Panel B:  Average results 
6 12 24     Period 
 
Sample  US Japan Local US  Japan Local US  Japan  Local 
1990-
1997 6.04 3.72 90.24 6.07 3.73 90.20 6.07 3.73 90.20
1999-
2004 15.31 10.55 67.36 22.23 10.58 67.22 22.21 10.58 67.22
East 
Asia 
%change 1.54 1.83 -0.25 2.66 1.84 -0.25 2.66 1.84 -0.25 
Notes: Reported are the decompositions of the error variances of East Asian countries’ real interest rates 
for 6 months, 12 months and 24 months  ahead forecasts. 
 
Table 2.5 (panel A and B) provides several interesting results. Firstly, on average, 
90% of the forecasting error variance of the East Asian real interest rates is explained by 
the local shock before financial crisis and this percentage lowers to 67% after financial 
crisis. On the other hand, US and Japan on average explain 6% and 3% respectively of 
the forecasting variances of East Asian real interest rates before the structural break, the 
figures increase to 19% and 10% after financial crisis, indicating that shocks originating 
in the US and Japan have on average become more significant in explaining the East 
Asian real interest rate variations. In particular, the influence of US has increased at rate 
of 1.54% for lag 6, 2.66% for lag 12 and lag 24. In the case of Japan, the influence 
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increases at rate of 1.83%. On the whole, in the first sub-period, the foreign influences 
(US plus Japan) contribute to 9% of the forecast error variances of the East Asian 
markets. The corresponding figures fall into the interval of [25%, 32%] in the second sub 
period. The impact of the foreign influences therefore significantly increases after the 
financial crisis. 
Secondly, a comparison of the US and Japanese contributions to the local interest 
rates  indicates that US exerts bigger influence on local interest rates than Japan does, and 
there are also evidences that influence of US has become greater than that of Japan after 
financial crisis. For example, for lag 12 and lag24, the rate of increase for influence of 
US is 2.66% and only 1.84% for Japan. These findings again underscore the importance 
of the US market in determining the East Asian money markets. Nevertheless, we do find 
evidence favoring that Japan’s influence on East Asian market is also increasing, though 
on average, in a moderate rate.  
It is also worthwhile to examining the results country by country. In the case of 
Hong Kong , Singapore, Taiwan and Thailand, the influence from US substantially 
increases after financial crisis, while the increase of influence from Japan is much less. 
For Malaysia and Indonesia, however, the story is quite a bit different; US influences to 
these two countries decrease, while the Japan’s influences jump up. In the case of 
Philippine, effects from both US and Japan increase moderately. For Korea, it is quite 
surprising that both US and Japanese influences decrease after financial crisis. This result 
is in accordance with our previous cointegration test result which shows that Korea 
basically does not have cointegration relationships with US and Japan after finance crisis.  
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It is noteworthy that the results of the variance decomposition might be sensitive 
to the choice of ordering of endogenous variables, as the ordering imposes a recursive 
structure in the model. As noted in the methodology part, our results above are based on 
some restrictions. Thus, it is important to check the robustness of the analysis. For 
example, if the equations in the model are ordered as ],,[ iusjat RRRY = , it is equivalent 
to imposing a restriction that Japan is not contemporaneously correlated with the other 
two variables and local market is correlated with Japan and US. That is, neither US nor 
local shocks have long-run effects on Japan, and local shocks also do not have effect on 
US market. Once the ordering is changed, the results might change accordingly unless the 
relationships among these variables are very stable. Table 2.5C below shows the 
corresponding results when ordering of variables is changed to ],,[ iusjat RRRY = . As 
expected, the percentage of the error variance attributable to US shock decreases in most 
of the countries, but only slightly. Therefore, we conclude that relationships discovered 
with ],,[ ijaust RRRY =  are actually not sensitive to the ordering of variables. We thereby 
confirm the dominant role of US in influencing the East Asian real interest rates and also 
an increasing role of Japan in this region. For relatively more developed local markets, 
like Hong Kong and Singapore, the US influence is more prominent; while for less 
developed markets, such as Malaysia and Indonesia, Japan’s role is more important. 







   Table 2.5C: Variance decomposition with the order of  ],,[ iusjat RRRY =  
6 12 24 
      Periods 
 
Countries US Japan Local US Japan Local US  Japan Local 
1993-
1997 13.30 7.96 78.74 44.07 1.93 54.00 44.07 1.93 54.00 
HK 
1999-
2004 44.04 1.93 54.03 2.88 43.12 54.00 2.88 43.12 54.00 
1993-
1997 1.18 2.51 96.31 1.18 2.52 96.30 1.18 2.52 96.30 
Sing 
1999-
2004 20.92 9.51 69.57 21.21 9.48 69.32 21.22 9.48 69.30 
1993-
1997 13.38 6.51 80.12 13.38 6.51 80.11 13.38 6.51 80.11 
Kor 
1999-
2004 9.29 2.20 88.50 9.43 2.21 88.36 9.44 2.21 88.35 
1993-
1997 4.60 6.36 89.04 4.60 6.39 89.01 4.60 6.39 89.01 
Taw  
1999-
2004 37.34 8.63 54.04 37.91 8.58 53.51 37.93 8.58 53.50 
1993-
1997 2.67 0.39 96.94 2.77 0.40 96.83 2.78 0.40 96.83 
Mal  
1999-
2004 2.62 28.41 68.96 2.67 28.41 68.92 2.67 28.41 68.92 
1993-
1997 1.18 2.51 96.31 1.18 2.52 96.30 1.18 2.52 96.30 
Thai 
1999-
2004 8.25 4.95 86.80 8.28 4.95 86.77 8.28 4.95 86.77 
1993-
1997 2.06 5.00 92.94 4.25 2.81 92.93 4.25 2.81 92.93 
Phi 
1999-
2004 2.31 9.34 88.35 2.33 9.34 88.34 2.33 9.34 88.34 
1993-
1997 6.27 0.43 93.30 6.36 0.41 93.23 6.38 0.41 93.22 
Ind 
1999-
2004 2.65 8.69 88.67 2.95 8.68 88.37 2.97 8.68 88.35 
 
 
2.5 Conclusion  
This chapter investigates the degree of financial integration in East Asia by 
examining the real interest rate co-movements between East Asian countries and both US 
and Japan. Granger cointegration method accounting for potential structural break is 
applied to testing the long run relationship among the pairs of real interest rates. Our 
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results show that when conventional cointegration method is applied, we could not find 
long-run equilibrium between most of East Asian countries and US. However, after 
accounting for the structural breaks, we find evidences of cointegration relationships 
between most of the East Asian countries and US after financial crisis around 1998. Our 
results suggest that the financial crisis in 1997-1998 has had a profound impact on the 
long-run common trends among national monetary markets. Therefore, the conventional 
cointegration tests may bring about misleading results if the possible structural breaks in 
the series are not addressed. 
We also apply VECM model to examining the adjustment scheme of series from 
short-run deviation to long-run equilibrium. We find that, on the whole, the adjustment 
speeds are slower for East Asian countries versus Japan than those found between these 
countries and US. This demonstrates that Japan has not yet taken over the dominant role 
of US in influencing the monetary markets of East Asian countries. Furthermore, the 
variance decomposition analyses confirm this finding. Nevertheless, our Variance 
Decomposition analyses, on the other hand, also provide some evidence that Japan’s 
influence to East Asia is also increasing after financial crisis, especially to Malaysia and 
Indonesia.  
Summing up, despite the failure of real interest rate parity between East Asian 
countries and US and between East Asia and Japan, the study in this chapter has shown 
that the real interest rates between East Asian developing countries and the two 
developed countries are closely related in the long run after financial crisis, and financial 




 Mean and Volatility Spillovers and Time-Varying Conditional 
Dependence in Chinese Stock Markets  
 
3.1 Introduction  
The last two decades have witnessed rapid economic growth in China. The 
Chinese economy has grown at an average rate of 9 percent per year since the 
implementation of the “Open Door” economic policies and reforms in 1978.  China’s 
stock market, initiated in the early 1990’s, has grown concurrently with China’s economy. 
Despite its relatively short history and regulatory restrictions imposed on it, the China’s 
stock market has expanded rapidly and attracted huge investments from domestic as well 
as foreign investors. After fifteen years’ development, the total market capitalization has 
reached US$464.3 billion, there are more than seventy million registered investors, and 
1381 listed companies currently trade in the two exchanges of mainland, China14. The 
unique features of the China’s market originating from former closed and highly 
centralized economy have also drawn much attention of academic researchers who 
consider the fast-evolving market as an ideal testing ground for relevant economic and 
financial theories.  
Dual listing within China is not allowed so that each company’s stock is restricted 
to list in one of the two exchanges15. In this way, the two exchanges (or markets)16 
                                                 
14 The statistics about China’s stock market are as of date December, 2005. 
15 However, some companies issue shares and get listed at both domestic and foreign exchanges outside 
mainland, China, especially Hong Kong. 
16 To be more precise, the word of market is used in some places of this chapter to denote the stock market 
represented by one of the two exchanges in China.  
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remain distinct. More interestingly, the China’s stock market is the only equity market 
covered by the International Finance Corporation that has completely segmented trading 
sections among domestic and foreign investors (Yang 2003); in other words, the China’s 
market is segmented in terms of investors’ participation. Specifically, there are two types 
of shares issued and listed by domestic companies in the two exchanges, called A-share 
and B-share respectively. However, the two types of shares target two different groups of 
investors. While A-share is offered to domestic investors, B-share is traded only among 
foreign investors, because B-share was designed to attain foreign exchange which was 
very scarce and much needed for companies doing export and import-oriented businesses. 
Some companies issue both A and B-shares, but usually B-share has much lower price 
than A-share of the same company. As a result, the equities of the same firm are traded at 
the same exchange by two different investor groups at quite differently quoted prices. 
These two classes of shares are otherwise identical in other aspects like voting rights and 
dividend payments. Moreover, due to existing regulations, the amount of outstanding B 
share is always smaller than that of A-share; therefore, foreign investors are forced to be 
minority shareholders. Interestingly, the segmentation story of China’s A and B-shares is 
more complicated. After about ten years’ complete segmentation of A and B-shares 
among investors, authority finally made B-shares in early 2001 accessible to domestic 
investors partly in order to divert the amounting foreign exchanges hold by domestic 
residents. The significant event constitutes one dividing point of whole sample to sub-
samples in order to investigate the possible effects induced by the structural break.  
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The distinct segmentation of China’s stock market among two disparate groups of 
investors17 could incur some interesting feedbacks among the behavior of two types of 
shares. As investors of B-shares are from foreign countries and districts which represent 
more developed markets, the relations between A-share and B-share may delineate, to 
some extent, the interactions among China’s fledgling market and outside world. In 
particular, several factors can cause information diffusion between A-share and B-share 
traded by domestic and foreign investors respectively. Firstly, foreign investors in B-
shares are mainly large financial institutions. Compared with domestic investors, foreign 
institutional investors are believed to be more sophisticated and possess more advanced 
skills to analyze data and information. Thus, the actions of foreign investors could be an 
informative signal for the relatively inexperienced domestic investors. Therefore, in this 
respect, the behavior of B shares would lead that of A shares in China’s market. However, 
on the other hand, domestic investors might have advantages in acquiring information 
about listed companies from local sources. In such a case, the behavior of A shares would 
lead that of B shares, as foreign investors might learn from domestic investors. Moreover, 
the accessibility of B-share to domestic investors in early 2001 might alter much the 
interrelations between A and B-shares. Consequently, such mean and volatility spillovers 
between A and B-shares could offer insights into the evolution of operating mechanism 
of China’s segmented stock market through out the sample span. 
In addition, although A-share and B-share are traded among different groups of 
investors, they are issued by same companies which are residing in the same 
macroeconomic and policy settings. Therefore, the dependence or contemporaneous 
correlation between A-share and B-share would be stable over certain period of time, and 
                                                 
17 Before early 2001 when B-share was open to domestic investors. 
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also expect to change dramatically over significant events like opening of B-share to 
local investors. Therefore, it is interesting and informative to examine the evolution of 
conditional correlation between return series of A-share and B-share. Large fluctuations 
of the conditional correlation could mirror the inconsistence of macroeconomic condition 
and happening of some structural breaks; and they may also reflect the differing 
judgments made by domestic and foreign investors on the same market situation, or in 
other words, the different trading patterns of domestic and foreign investors could be 
disclosed. The mean and volatility spillover between A-share and B-share has been 
investigated in such studies as Chui and Kwok (1998), Kim and Shin(2000) and Brooks 
and Ragunathan(2003), but the examination of time-varying conditional correlation 
between the two types of shares controlling for effects of possible structural breaks is not 
much pursued.  
Another interesting issue stemming from such segmentation pertains to the 
different spillover mechanism between A-share and B-share at the two different stock 
exchanges in China. It is known that the companies listed in the Shenzhen Stock 
Exchange tend to be small companies among which some of them are technology-related, 
while those listed in the Shanghai Stock Exchange are mostly state-owned large 
enterprises, many of which are monopoly players in the domestic market. As cross-listing 
is not allowed, the different categories of listed companies in two exchanges could show 
different sensitivity to the common events, though they are subject to the same 
macroeconomic and financial policies. Therefore, it is highly useful to do comparative 
analyses on the information transmission mechanism between the pair of A and B-shares 
in the two separate exchanges. 
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Furthermore, of interest is also the relationship of China’s stock market with the 
outside world. Because of the relatively short history, the interaction between the China’s 
stock market and other world markets has not been extensively investigated. Although 
China’s stock market or its economy as a whole comes of closed economic entity, China 
has been ceaselessly pursuing market-oriented reforms during the past two and half 
decades. China is now one of the top export-oriented economies in the world with foreign 
trade volume having reached US$1422 billion in 2005. Especially during the last fifteen 
years or so, China has stepped up financial market reforms and liberalizations in 
responding to increasing globalization and for preparations to join WTO. Actually, 
issuance of B-shares to foreign investors was also a significant event and policy to 
China’s financial market. The direct participations of foreign investors make the 
seemingly exotic B-share, to some extent, mixture of domestic and foreign market within 
China. Therefore, the impacts of influential external factors should not be omitted in 
investigating the dynamics of China’s stock market.  The investigation in this line would 
help us to understand how China’s A-share and B-share markets are affected by the 
world’s and regional important markets over time. We might expect that, the more 
integrated is China’s stock market with the outside world, the more spillover effects will 
be detected from outside markets to China’s market.  
In particular, in this chapter, we attempt to probe the possible influences to 
China’s market from US and Hong Kong markets. We focus on these two markets, 
because, on one hand, U.S. market is undoubtedly the leading and dominant market in the 
world and US is one of China’s largest trade partners, and on the other hand, Hong Kong 
is the most intimate market to China due to economic, political as well as geographical 
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factors. Hong Kong has been the largest source of foreign direct investment and the top 
trade partner of mainland during the past decades, and the economy of Hong Kong 
heavily relies on the trade with mainland, China. Moreover, the veteran and well 
established securities industry of Hong Kong has been the reference point of mainland’s 
counterpart from the very beginning of the latter’s initiation. Hence, it is reasonable to 
believe that US and Hong Kong markets are the paramount sources of information 
transmission to China’s stock market.  
By employing a two-stage bivariate GARCH model, we are able to explore all the 
inquiries discussed above within a single econometric framework, namely the different 
interaction mechanism between A and B-shares at the two exchanges (that is, mean and 
volatility spillovers between return series of A-share and B-share; time-varying 
conditional correlation between A and B-shares) and the impacts of the U.S. and Hong 
Kong markets on the China’s market. Our empirical results show that, first of all, there 
are rich volatility transmission between A and B-shares, while the return transmission 
between two types of shares is  weak. Secondly, the contemporaneous correlation 
between A-share and B-share exhibits a time-varying pattern in both the Shanghai and 
Shenzhen exchanges. Moreover, we observe an upward trend in the conditional 
correlation between two types of shares across time in both exchanges. Thirdly, the 
external effects from the U.S. and Hong Kong markets are also evolving with time. 
Additionally, comparing with US market, Hong Kong market has larger impacts on 
China’s A and B-shares.  
In terms of methodology, this chapter contributes to the literature on China’s 
stock markets in the following aspects. Firstly, while much of the existing research on 
 82
mean and volatility spillover regarding China’s stock market is carried out with either an 
autocorrelation method or within a univariate GARCH framework, this study employs a 
bivariate GARCH method which is able to detect the evolution of conditional correlation 
between A-share and B-share. To our knowledge, few studies have focused on the 
dynamics of the correlation between both types of shares on the Shanghai and Shenzhen 
exchanges. Secondly, our method extends the two-factor model described in Ng (2000) 
from univariate setting to bivariate framework to investigate the information transmission 
from the U.S. and Hong Kong markets to the China’s A and B-shares. In addition, not 
many analyses have investigated the external effects on the return behavior of A-share 
and B-share, and this chapter tries to fill the gap.   
The rest of the chapter is organized as follows, Section 3.2 describes some of the 
literature in this area; Section 3.3 describes the data examined in this chapter, the 
methodology employed and econometric estimation procedure. Section 3.4 presents the 
empirical results and implications. Finally, section 3.5 concludes the chapter. 
 
3.2 Literature Review 
Bailey (1994), conducting a basic statistical analysis of one year’s weekly data, 
introduces the earliest major study on the performance of Mainland China’s stock 
markets. He provides evidence that “B” shares exhibit high volatility, low trading volume 
and are traded at various discounts relative to “A“ shares18. His results also show that the 
Shanghai and Shenzhen stock markets are not integrated with world markets, though 
some world market variables could help to explain the index returns of China’s two stock 
                                                 
18 Even after converted into local currency, the price of B-share is still much lower than that of A-share 
issued by same company. Generally, B-shares are viewed cheaper than A-shares in China’s market.   
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markets. The conclusion in his paper is expected as China’s stock market was largely 
isolated from outside markets during the first few years. In addition, Ma (1996) extends 
Bailey’s work by conducting cross sectional analysis to offer explanations for the 
puzzling “B” share premium. 
Chui and Kwok (1998) study the cross-autocorrelations between A and B-shares 
in China’s market to determine the information transmission mechanism between 
different classes of shares. They believe that government’s control of the domestic media 
restricts information to “A” share investors who consequently rely more on “B” share 
investors for information. Their work is based on the implicit assumption of complete 
segmentation between A and B-shares, and B-share investors have better access to 
market-related information. However, there does not appear to be grounds for making 
such an assumption. Actually, during the sample period studied by Chui and Kwok 
(1998), the insider trading and illegal information disclosure were rampant in China’s 
market, information privilege belonged to some insider traders rather than B-investors in 
general.  
Following Chui and Kwok(1998), Granger causality tests have been used by a 
number of empirical studies to determine the lead-lag relationships between the A and B 
shares on the Shanghai and Shenzhen stock exchanges, for example Su (1998) and Kim 
and Shin(2000). Overall, A shares are found to lead B shares before 1996, but the 
relationship either disappears or reverses after this date. In all cases, no definite lead-lag 
patterns are obtained. Instead of using returns of portfolios of individuals stocks as Chui 
and Kwok (1998) do, the empirical analysis in this chapter is conducted with index series 
of A and B-shares. 
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 While the abovementioned studies focus on the behavior of level returns, another 
strand of the literature investigates the behavior of the volatility of Chinese stock markets. 
Yu (1996) utilizes the ARCH/GARCH framework and finds evidence in favor of an 
ARCH (2) model for Shenzhen index returns and a GARCH (1, 1) for Shanghai index 
returns.  Su and Fleisher (1998), also employing an ARCH/GARCH model, find that the 
volatility of Chinese stock returns is time-varying, mildly persistent, and best described 
by a fat-tailed distribution. They also show that volatility changes can be linked to 
changes in the degree of market regulation. Brooks and Ragunathan (2003) extend the 
previous works on mean transmission by examining whether the lead-lag relationships 
between the returns of A and B-shares found by Chui and Kwok (1998) also apply to the 
volatility of these shares. They found that there is no spillover in volatility from B share 
prices to A share prices or vice versa. 
As for the issue of interactions among international markets in the Asian region, 
most studies either focus on more developed market, such as Japan, Hong Kong, 
Singapore or on emerging economies with longer histories, such as Korea, Taiwan, 
Thailand, and Malaysia, such studies include Hamao (1990), Harvey (1995), Liu and Pan 
(1997) and Ng (2000) among others. Studies on the interaction of China’s stock market 
with other international markets are still scarce. Few exceptions include Lean and Wong 
(2004) use cointegration techniques to analyze the impact of other stock markets on 
China. Also, Wang and Firth (2004) investigate return and volatility transmission across 
four emerging stock markets of Greater China and three developed international markets, 
namely Tokyo, London and New York. They provide empirical evidence that overnight 
returns on the Greater China stock indices can be estimated by using information from at 
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least one of the three major international stock markets. However, they also find that the 
two stock markets of Mainland China, namely Shanghai and Shenzhen, are not affected 
by either contemporaneous or delayed “bad news”, implying that the Chinese stock 
markets are only partially integrated with international stock markets.  
On the whole, existing studies have tried to describe the dynamics of the 
conditional means and variances of the Chinese stock markets with a special emphasis on 
the spillover effects between “A” and “B” shares. However, few studies have focused on 
the dynamics of the conditional correlation between both types of shares on the Shanghai 
or Shenzhen market. Even less is known about the effects of external factors on A-shares 
and B-shares. Besides the fact that a good understanding of the correlation dynamics of 
equity returns is useful from viewpoint of asset allocation, the specificities of the 
segmented Chinese markets will enable us to understand the behaviors of two different 
groups of investors.  
 
3.3 Data and Methodology 
3.3.1: Data description 
We employ stock market index series to investigate the interactions between two 
types of shares in China’s market and external influences from US and Hong Kong 
markets on dynamics of the Chinese shares. In particular, we use weekly equity indices in 
order to alleviate the effects of noise characterizing daily or higher frequency data. 
Further, to avoid the so called day-of-the-week effect, we use Wednesday-close indices in 
this chapter. The data are from Datastream and are in terms of U.S. dollars. The sample 
spans October 7, 1992 through June 1, 2005, and the total number of observations is 660  
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There are two stock exchanges in China, the Shanghai Stock Exchange and the 
Shenzhen Stock Exchange. Each of stock exchanges has both A-share and B-share listed 
and traded at the same time, but A-share is traded in local currency (Renminbi) and B-
share is traded in foreign currencies19. The two exchanges issue indices for both A-share 
and B-share listed in the exchange. The indices used for China’s market are Shanghai A 
Share Index, Shanghai B Share Index, Shenzhen A Share Index, Shenzhen B Share Index. 
Other indices used in this Chapter include the S&P 500 index for US market and the 
Hang Seng index representing Hong Kong market. To distill out the impacts of 
significant events in China’s market on the interaction between A-share and B-share, we 
divide the whole sample at two critical points of time. The first one is the beginning of 
1996, as the early 1996 is a sharp turning point of China’s stock market produced by 
government’s interventions in order to reinforce regulation and pull the market out of 
chaotic mire. The other one is the late February, 2001 when B-share was open to 
domestic investors, the event is sure to dramatically change the relations between A and 
B-shares. Consequently, we divide the data sample into three sub-samples which span 
respectively Oct. 1992 through 1995, 1996 through Feb. 21, 2001 and Feb. 28, 2001 
through May, 2005.  
Table 3.1 below presents a wide range of descriptive statistics of the data20. We 
find that the Chinese stock market is characterized by much lower mean return and higher 
volatility compared with the US and Hong Kong markets. The sample moments for all 
the indices indicate empirical distributions with heavy tails relative to the normal. Not 
                                                 
19 In particular, B-share in Shanghai exchange is traded in US dollars, whereas B-share in Shenzhen 
exchange is traded in Hong Kong dollars.  
20 Although we divide the whole data into three sub-samples according to possible structural breaks, we do 
not show the data characteristics for the sub-samples for the save of spaces.  
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surprisingly; the Jarque-Bera statistic rejects normality for every return series. The  result 
of low mean return in Chinese market returns seems at odds with the finding of Bekaert 
and Harvey’s (1997) that distinguishing features of emerging market accommodate high 
average returns as well as high volatility. However, in China’s market, the low average 
return could be closely associated with its high volatility. Because of institutional defects 
due to transitional economy and lack of regulation enforcements, China’s stock market 
has been replete with speculations and manipulations and has experienced frequent large 
ups and downs as shown in Figure 3.1 in the Appendix C. The large movements of 
indices around zero could produce insignificant average returns, which makes China a 
unique market even among the emerging markets.  In addition, stationarity tests applied 
to the data show that all the return series are I(0) process21, which is also confirmed by 
the plots of return series in Figure 3.2 in Appendix C. Further features of data will be 
discussed in the following section of empirical results. The stationary test results justify 
employment of bivariate model for the return series which will be discussed in next 
subsection. 
 Table 3.1: Descriptive Statistics for the Weekly Stock Index Returns 






B S&P500 Hang Seng 
Mean 0.006% 0.016% -0.057% -0.070% 0.165% 0.137%
St.d 5.934% 5.281% 5.410% 6.001% 2.181% 3.579%
Skewness 0.570 0.436 -0.186 0.108 -0.144 -0.459
Kurtosis 15.267 6.244 14.547 12.031 5.055 4.315
JacqueBera  4174.11*** 310.32*** 3670.23*** 2244.24*** 118.41*** 70.73***
ρ 0.112 0.079 0.100 0.086 -0.101 0.031
LB(6) 0.013** 0.033** 0.162 0.009*** 0.011** 0.088*
ρ2 0.275 0.273 0.067 0.103 0.198 0.134
                                                 
21 The test results are not listed for the save of space.  
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LB2(6) 0*** 0*** 0*** 0*** 0*** 0***
   Notes: All weekly log returns are calculated in US dollars, rho and rho^2 are the first order serial 
correlations of returns and squared returns respectively. LB(10) and LB2(10) are the p-value 
of  Ljung-Box statistics with 6 lags. *** indicates significance at 5% level, ** indicates 
significance at 10% level. 
3.3.2 Bivariate models for A-share and B-share  
Although GARCH modeling is a powerful technique in analyzing information 
transmission among markets, for example Hamao (1990), Liu (1997) and Wang (2004), 
the application of the method to Chinese markets is sparse. Some exceptions include Su 
(1998) who applies a GARCH (1,1) model to characterize the risk and return behavior of 
the China’s market. Another one is Brooks and Ragunathan (2003) who study the 
volatility spillover effect between A share and B share by using a univariate GARCH 
method. Some significant results on mean and spillover effects have been outlined in 
these previous studies. However, univariate GARCH modeling has its limitation in 
detecting the conditional correlation between shares and markets.  
In contrast, we employ a two-stage bivariate GARCH model in this chapter for 
three-fold objectives. The first one is to investigate the mean and volatility spillovers 
between A-shares and B-shares in both the Shanghai and Shenzhen exchanges. The 
second one is to study the dynamics of conditional correlations between the two types of 
shares. The last one is to examine the external influences from U.S. and H.K. markets to 
evolution of mean and volatility of two types of shares in China’s stock market. 
Specifically, in the first stage, a bivariate GARCH (1,1) model is applied to US and Hong 
Kong market return series, and the conditional variance series of US and Hong Kong 
markets are obtained. Then, in the second stage, these volatility series are used as the 
exogenous regressors in the investigation of mean and volatility spillovers between A-
shares and B-shares through another bivariate GARCH (1,1) model. As the result of the 
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two-stage bivariate GARCH modeling, we can investigate the time-varying conditional 
correlation between A and B-shares as well as relations between China and US and Hong 
Kong markets simultaneously, which is not feasible within the framework of univariate 
GARCH model. We describe below in detail the two stages in our modeling process22.   
Beakert and Harvey (1997) develop a model where the impact of a world factor 
on volatility is added to the traditional local factor (namely the squared residual term in 
the variance equation of GARCH model). Ng (2000) follows this methodology and 
presents a two-factor model in which unexpected returns on any particular market are 
influenced not only by the idiosyncratic risk (news originating from home), but also by 
two external foreign shocks, namely the regional shock and the global shock.  
We extend the methodology of Ng (2000) to multivariate framework by 
employing bivariate GARCH model to investigate the interactions of two types of shares 
in China’s market incorporating the possible impacts from US and Hong Kong markets. 
In particular, to examine the lead-lag relations among the A-share and B-share returns, 
we employ the bivariate VAR(1) model as the conditional mean equation system which is 














              (3.1) 
Where, tiaR ,  and tibR , are the return series, respectively, of A-share (Shanghai or 
Shenzhen), B-share (Shanghai or Shenzhen). 
                                                 
22 For the ease of exposing and understanding, the ordering of two stages of modeling to be discussed in the 
sub-section below is not same as laid in the earlier part of this paragraph.   
23 As in general simultaneous equation system  (VAR in particular), certain restriction should be imposed 
on the coefficients of endogenous variable in order to fully recover original structural model especially in 
such analysis as impulse function analysis. However, as this chapter focuses on the lead-lag relations 
among A and B-share return series, it is not a must to explicitly impose such restriction. 
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As discussed above, the China’s stock market might be influenced by regional as 
well as world’s markets. To incorporate the effect of external factors on the return series 
of China’s equity, we include the lagged return series of US and HK stock markets 
denoted in the Eq.(3.1) as 1, −tusR   and 1, −thkR .  The coefficients baiusi ,, =λ  and 
baihki ,, =λ  capture the forecasting capacity of US and HK markets to China’s A and B-
share return series. The error series },{ ,, tibtia εε  term contains unanticipated parts of 
returns in A and B-shares, or in other words, it represents the shocks or innovations24 to 
the A-share and B-share series.  
How to model the dynamics of },{ ,, tibtia εε  constitutes the key part in the 
methodology employed in this chapter. It is reasonable to suppose that the shocks to 
China’s stock market consist of idiosyncratic shocks and external shocks from world’s 
and regional important markets. Therefore, we employ one more bivariate VAR model25 











                                                                            (3.2) 
),2(~ 11, vmtIu tti −                                                                                      
Where }),({ ,,, ′= tibtiati uuu is the idiosyncratic shocks to A-share and B-share 
returns in China’s market. Because of the typical feature of thick tail characterizing the 
return series of emerging stock market, the }{ ,tiu  series is assumed to follow bivariate 
                                                 
24 Shock and innovation are used interchangeably in this chapter.  
25 Strictly speaking, this is not VAR model, as no lagged terms of dependent variables appear in the right 
hand side of the model. We only put exogenous variables as regressors, because the autocorrelation in the 
dependent variables has been tackled in the Eq. (3).  
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student-t distribution with degree of freedom of v26. The }{ ,tuse  and }{ ,thke  series stand 
for the shocks from US and Hong Kong markets, which are also assumed to follow 
bivariate student-t distribution. As }{ ,tuse and }{ ,thke  are unobservable random quantities, 
they are replaced by their estimated counterparts }ˆ{ ,tuse  and }ˆ{ ,thke  obtained from one 
bivariate GARCH(1,1) model fitted on return series of S&P 500 and Hang Seng 
indices, },{ ,, thktus RR ; in other words, These external shocks are treated as exogenous 
variables in Eq. (3.2):  
                                        















−                                                                 (3.3) 
As Hong Kong is one of the leading markets in Asia which might well be heavily 
influenced by US market, it is highly possible that the fitted residual series from the 
above model, }ˆ{ ,tuse  and }ˆ{ ,thke , have strong correlation. Therefore, to eliminate the 
problem of multicolinearity in regression Eq.(3.2), we orthogonalize the series }ˆ{ ,tuse  and 
}ˆ{ ,thke  using the technique of Cholesky decomposition before putting them as regressors 
in regression Eq.(3.2). Therefore, the independent variable series are uncorrelated with 
























                                                 





























































−                                                                (3.4)                                 
Which is the final mean equation in our bivariate GARCH model for the return series of 
A-share and B-share in China’s two stock exchanges. The }ˆ{ * ,thke  and }ˆ{
*
,tuse are the 
orthogonalized version of }ˆ{ ,thke and }ˆ{ ,tuse  respectively.  
By relating the innovations of China’s stock market to those of US and Hong 
Kong markets, the coefficients baihki ,, =φ  and baiusi ,, =ψ  reflect the volatility 
transmission from US and Hong Kong markets to the A and B-shares. To be more precise, 
the volatility transmission here is actually shock transmission, because both dependent 
variables and independent variables are shocks rather than the conditional volatilities as 
in the case of GARCH. This special feature of the two-step GARCH model yields 
different mechanism of volatility transmission from that of the usual GARCH models. 
The salient advantage of this two-step approach is substantially reduced amount of 
computation27. In addition, this specification allows for the lagged US and HK returns 
and current innovations of US and HK to appear in the mean equations. As the result, 
mean spillovers occur when past returns of US and HK affect the returns of A and B-
shares, whereas volatility spillovers are related to the transmission of present information 
among the markets, that is, the baihki ,, =φ  and baiusi ,, =ψ  represent the 
contemporaneous relations among the shocks of the markets28.  
                                                 
27 This is compared with multivariate GARCH model, say quadruple GARCH in our case to investigate the 
volatility spillovers among the four series used in this chapter.  
28 The inclusion of lagged return series of US and HK in the model is based on the assumption that return 
movements of two developed markets have prolong impacts on China’s shares, although there are 
overlapping trading time in weekly data between US and the other two markets, this follows the modeling 
ideology in Ng(2000); however, the shocks originating in developed markets should pass to China’s market 
immediately or concurrently as shown in Eq. (3.2) and (3.4). 
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The final step in our methodology is to depict the dynamics of conditional 
variances of idiosyncratic shocks to A and B-shares with particular specification on 











),( ,,, ′= tbtat uuu denote the variance-covariance matrix of tu,  conditional on the past 
information. Because conditional variance equation determines the lead-lag relations 
among the variances and covariances of the return series, it is important to choose the 
proper parameterization for it. Multivariate GARCH is much more complicated to 
estimate than univariate GARCH, as it is difficult to ensure the positive definiteness of 
t∑ , and also, the richer relations allowed for the variances and covariances also incur 
more computation. One popular parameterization of the conditional second moments in 
multivariate GARCH is BEKK model proposed by Engle and Kroner (1995). One of the 
major features of the parameterization is that it guarantees that the variance-covariance 
matrix in the system are symmetric and positive semi-definite. Specifically, BEKK(1,1) 
model29 takes the following form: 
 
'')'(' 111111100 BBAAAA tttt −−− ∑++=∑ εε                                                                       (3.5) 
 Where 0A  is a lower triangular matrix, 1A  and 1B  are unrestricted coefficient 
matrices. t∑  in this formulation can be shown to be symmetric and positive semi-definite. 
Another prominent feature of BEKK model is that, with this formulation, the dynamics of 
t∑  are fully displayed in the sense that not only the evolution of conditional variance and 
                                                 
29  BEKK (1,1) here is the special case of BEKK(p,q) model proposed in Engle and Kroner(1995), however, 
usually p=1, q=1 are sufficient for modeling financial time series.  
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covariance are modeled directly, but the volatility spillovers across series are also 
allowed. The volatility spillover effect is indicated by the off-diagonal entries of 
coefficient matrices 1A  and 1B . The full structure of BEKK model can be clearly seen 
from the expansion of BEKK(1,1) into individual dynamic equations: 
( ) [ ] ( ) ( )[ ]




































































































   (3.6) 
While the BEKK model has the advantages of generality and flexibility, it does 
have a shortcoming in that it requires estimation of a large number of parameters, 
especially when the dimension of variables increases. However, the bivariate model used 
in this Chapter limits this drawback.  
Since the distributions of our data have fatter tails than that of normal distribution, 
we use a bivariate Student-t distribution as shown in Eq.(3.4) to describe the randomness 


















      (3.7) 
Therefore, the bivariate GARCH model, Eq.(3.4) + Eq.(3.5), is estimated by maximizing 
this log-likelihood function.  
 
3.4 Empirical Results   
The historical indices of Shanghai A and B shares and Shenzhen A and B shares 
are plotted in Figure 3.1 in Appendix C. It is very clear that China’s stock market is 
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chaotic with highly volatile prices, especially in the early years of the market. We find 
that 1996 was a year of dramatic changes, and there is a turning point almost in each 
series at the beginning of 1996.  After the huge turmoil between 1992 and late 1995, all 
indices ended their downward trends and began to move upward and have become less 
volatile since 1996. The less volatile prices after 1996 are also confirmed by the plots of 
A share return series in Figure 3.2 in Appendix C. Actually since the starting of 1996, 
China’s stock market has undergone significant institutional transformations, trading 
activities have been better regulated and more under control from then on, though there 
are still a lot of problems afflicting the market. Considering the sharp turning point in 
China’s market at the time, we treat the beginning of 1996 as the possible structural break, 
and then divide the whole data sample at this point. In addition, in early stage of China’s 
stock market, B-shares were only accessible to foreign investors30. However, as the part 
of preparations to meet the challenges from entering WTO, China steps up the reforms 
and increases integration of its stock market. As the result, since the early 2001, B-share 
stocks have been open to domestic investors, although their trading mechanism remains 
unchanged. The availability of B-shares to domestic investors has changed dramatically 
the relations among A-share and B-share, as the both types of shares have intersection in 
investor groups. To account for the impact of this significant event on the behavior of A-
share and B-share, we further divide our data sample at Feb. 21, 2001. Consequently, we 
split our whole data span into three sub-periods, namely Oct. 1992-1995, 1996-Feb. 21, 
2001 and Feb. 28, 2001-May, 2005. By doing so, we could avoid dealing with the curse 
of the structural breaks on the results of our study, and are able to investigate the 
changing pattern of interactions among the shares. 
                                                 
30 The foreign investors refer to investors from outside mainland, China. 
 96
Ljung-Box statistics show the presence of autocorrelation in the return series as 
well as squared return series for all indices. In addition, the ACF and PACF show that 
AR(1) structure is appropriate for all return series. Therefore, it is reasonable to model 
the mean equation with a VAR (1) process and variance equation with a bivariate 
GARCH (1, 1) setting, that is, the final estimated model is Eq.(3.4) + Eq.(3.5). 
3.4.1 Empirical results from Shanghai A and B shares  
 We first apply the model described above to the three sub-samples for Shanghai 
market, estimated results are shown in Table 3.2 below. 
    Table 3.2: Estimated results on Shanghai A share and B share  
Panel I: Mean Spillover 
 1992-1995 1996-2001.2 2001.2-2005.6 
 Estimate P-value Estimate P-value Estimate P-value 
aβ     -0.01 0.043*** 0.001 0.369 -0.004 0.009*** 
bβ  -0.003 0.138 -0.003 0.159 -0.005 0.003*** 
1aγ (A-A) 0.010 0.449 -0.033 0.300 -0.012 0.447 
2aγ (A-B) 0.048 0.156 0.090 0.119 -0.004 0.486 
1bγ (B-A) 0.216 0.070** 0.027 0.254 0.100 0.070** 
2bγ (B-B) -0.012 0.436 -0.041 0.278 0.094 0.180 
hkaλ (HK-A) 0.039 0.416 -0.062 0.137 0.039 0.316 
hkbλ (HK-B) 0.258 0.004*** -0.015 0.421 0.117 0.079** 
usaλ (US-A) 0.531 0.182 0.150 0.05** 0.115 0.106 
usbλ (US-B) 0.200 0.240 0.064 0.295 -0.011 0.448 
Panel II: Volatility Spillover 
 1992-1995 1996-2001.2 2001.2-2005.6 
 Estimate P-value Estimate P-value Estimate P-value 
ARCH(A-A) 0.275 0.007*** 0.286 0.000*** -0.076 0.330 
ARCH(A-B) -0.041 0.210 0.118 0.213 -0.476 0.008*** 
ARCH(B-A) 0.546 0.002*** 0.0604 0.203 0.258 0.041*** 
ARCH(B-B) 0.104 0.177 0.478 0.000*** 0.713 0.000*** 
GARCH(A-A) 0.883 0.000*** 0.975 0.000*** 0.912 0.000*** 
GARCH(A-B) 0.038 0.120 0.024 0.372 0.135 0.052*** 
 97
GARCH(B-A) -0.013 0.445 -0.059 0.115 -0.168 0.004*** 
GARCH(B-B) 0.964 0.000*** 0.767 0.000*** 0.715 0.000*** 
hkaφ (HK-A) -0.049 0.390 0.092 0.047*** 0.201 0.007*** 
hkbφ (HK-B) 0.404 0.000*** 0.420 0.000*** 0.222 0.004*** 
usaψ (US-A) -0.164 0.384 -0.046 0.292 0.129 0.060** 
usbψ (US-B) 0.168 0.291 0.088 0.229 0.092 0.119 
   Notes: The estimated model is Eq.(3.4) + Eq.(3.5). 2aγ represents the mean spillover  from A share to B share ; 1bγ represents the 
mean spillover from B share to A share ; GARCH(A->B) and GARCH(B->A) are volatility spillover between A and B 
share respectively; hkbhkausbusa λλλλ ,,,  are mean spillover effects from US and HK to A share and B share respectively ,  
hkbhkausbusa φφφφ ,,,  are volatility spillover from US and HK to  A share and B share respectively. *** indicates 
significance at 5% level, ** indicates significance at 10% level. The degree of freedom of t-distribution is estimated to be 
4.528 (1.400), 4.0178 (0.976) and 3.463 (0.908) for three sub-samples respectively, where the numbers in the parenthesis 
are standard errors. 
 
 Overall picture of Table 3.2 shows time-varying interactions between A-share 
and B-share across three sub-periods in Shanghai exchange. It appears that there is no 
much feedback relation between level return series of A and B shares in all three sub-
samples. However, interactions between second moments of A and B-shares are much 
richer and illustrating. Firstly, the marginal significant 1bγ  indicates possible mean 
spillover from B-shares to A-shares in the first and last sub-period. Surprisingly, there are 
no other causality relations shown by the estimates between return series of A and B-
shares in Shanghai exchange. Secondly, degree of interactions among conditional 
variances of two types of shares presents interesting variations starting from the first 
period to the last one.  Although the conditional heteroskedasticity is prominent for both 
A and B-shares during all three sub-periods, there is information flow only from B to A 
share in the first few years of China’s market, and it is surprising that the information 
transmission disappears completely from 1996 to early 2001. However, in the last sub-
period, namely from late Feb. 2001 to May, 2005, the evidence is strong to support that 
information flows in both directions between A and B-shares, as estimates of all the cross 
coefficients of variance equation are significant. 
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The results above support the assumption that A-share and B-share in Shanghai 
exchange are largely segmented in the first two sub-periods, namely from Oct. 1992 
through early 2001. However, B-share indeed leads A-share in both first and second 
moment transmission in the first three years of the data. This reflects that, till early 2001, 
foreign investors in the Shanghai exchange have better information and domestic 
investors to some extent react to actions of foreign investor. This could be because, prior 
to early 2001, B-share investors are mostly big and sophisticated foreign institutions who 
are equipped with better expertise to acquire information than inexperienced domestic 
investors. Furthermore, as Chui and Kwok (1998) suggest, foreign investors could be 
better informed and receive news faster than domestic investors because of the 
information barriers in China. Therefore, a cost-saving way of getting information and 
trading effectively for domestic investors is to observe and follow the trading behaviors 
of foreign investors on B shares. Whereas, after opening of B share to domestic investors, 
the information originating from A-share and B-share has started causing repercussions 
on each other. The increasing lead-lag relations might well be due to common investor 
group of A and B-shares generated by opening up B-shares to local investors, which 
leads Shanghai’s market to be less segmented to some extent. The result also justifies our 
treatment of early 2001 as a division of data.  
The last four rows of Panel I and II in Table 3.2 show that the possible external 
impacts from world and regional markets on Shanghai’s A and B-shares mainly 
concentrate on volatility dynamics, and also demonstrate time-varying pattern. In 
particular, in the first sub-period, we observe that external effect to shanghai exchange 
limits to Hong Kong market which leads B-share in both level return and variance 
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dynamics. Whereas, in the second sub-period, Hong Kong market accounts for the part of 
shocks to both Shanghai A and B-shares, and US market has predictive power for the 
return series of Shanghai A share. Moreover, during the last sub-sample from Feb., 28 
onwards, external impacts to Shanghai exchange become stronger with Hong Kong 
affecting the movement of B return series, and both US and Hong Kong markets playing 
a role in shocks to A share or B-share. Finally, overall speaking, A and B-shares in 
Shanghai exchange have experienced stronger influences from world’s and regional 
important markets since 1996.  
To view the dynamics of contemporaneous relationship between Shanghai A-
share and B-share, we plot the conditional correlation of two types of shares obtained 
from the bivariate GARCH models in Figure 3.3 in Appendix C. Comparing the 
evolution of conditional correlation of three sub-periods shows that, on average, 
correlation between Shanghai A and B-shares presents upward trend and less volatility 
across sub-samples. Indeed, the mean values of conditional correlation for three sub-
samples are 0.295, 0.438 and 0.764 respectively.  
In addition, we plot the fitted conditional standard deviations of Shanghai A and 
B-shares in the Figure 3.4 in Appendix C, from which we find that before 1996, the 
conditional standard deviations of B-shares are smaller and less volatile than those of A-
shares in Shanghai exchange; however, the pattern reverses after that. This could be due 
to the reason that, prior to 1996, there were few companies listed as Shanghai B-shares 
and speculation and turmoil dominated early years of China’s stock market, especially A 
share. Therefore, foreign investments in China’s stock market were low and the B-share 
market was quite inactive. Since 1996, China has taken series of measures to reform its 
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financial market, has strengthened the confidence of foreign investors on China’s market 
and has attracted more foreign investments to B-share market as it is one of the few open 
financial arenas in China to foreign investors. Moreover, from the scale of figures, 
volatility of A share in Shanghai exchange reduces significantly, especially in the last 
sub-sample. Finally, the model diagnostics are listed in the following Table 3.3 which 
contains statistics and corresponding p-values of Ljung-Box tests applied to fitted 
standardized residual and corresponding squared series. The test results justify the 
adequacy of the employed models.  
      Table 3.3: Diagnostics for the model fitted on Shanghai A and B shares 
Panel I: Shanghai A&B, 1992-1995 
White noise test 
Ljung-Box (6) 
GARCH effect test 
Ljung-Box(6) 
  Test  
 
Series Statistic p-value Statistic p-value 
 sha  7.714   0.807 3.538   0.990 
 shb 12.201   0.430 4.431 0.974 
Panel II: Shanghai A&B, 1996-2001.2 
White noise test 
(Ljung-Box) 
GARCH effect test 
(Ljung-Box) 
Test     
 
Series Statistic p-value Statistic p-value 
 sha  15.42   0.219 7.717   0.807 
 shb 14.20   0.288 7.650   0.812 
Panel III: Shanghai A&B, 2001.2-2005.6 
White noise test 
(Ljung-Box) 
GARCH effect test 
(Ljung-Box) 
Test     
 
Series Statistic p-value Statistic p-value 
 sha  8.741   0.725 7.275   0.839 
 shb 10.237   0.595 2.824   0.997 
 
 
3.4.2 Empirical results from Shenzhen A and B shares  
          We then apply the same model to the three sub-samples for Shenzhen A and B-
shares, estimated results are shown in Table 3.4. 
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     Table 3.4: Estimated results on Shenzhen A share and B share 
Panel I: Mean Spillover 
 1992-1995 1996-2001.2 2001.2-2005.6 
 Estimate P-value Estimate P-value Estimate P-value 
aβ     -0.014 0.001*** -0.000 0.500 -0.004 0.042*** 
bβ  -0.005 0.033*** -0.002 0.259 -0.001 0.305 
1aγ (A-A) -0.019 0.392 0.029 0.322 -0.051 0.336 
2aγ (A-B) 0.085 0.022*** -0.015 0.425 -0.094 0.242 
1bγ (B-A) 0.005 0.474 0.036 0.187 0.102 0.125 
2bγ (B-B) 0.021 0.380 -0.036 0.277 0.114 0.181 
hkaλ (HK-A) 0.094 0.222 -0.082 0.086** -0.0677 0.275 
hkbλ (HK-B) -0.041 0.323 0.149 0.026*** 0.1106 0.165 
usaλ (US-A) 0.469 0.126 0.184 0.034*** 0.081 0.284 
usbλ (US-B) -0.222 0.165 -0.067 0.290 -0.085 0.275 
Panel II: Volatility Spillover 
 1992-1995 1996-2001.2 2001.2-2005.6 
 Estimate P-value Estimate P-value Estimate P-value 
ARCH(A-A) 0.379 0.001*** 0.516 0.000*** -0.048 0.427 
ARCH(A-B) 0.038 0.267 0.386 0.003*** -0.2298 0.241 
ARCH(B-A) -0.173 0.065** -0.074 0.173 0.163 0.181 
ARCH(B-B) 0.173 0.031*** 0.265 0.020*** 0.4676 0.028*** 
GARCH(A-A) 0.863 0.000*** 0.882 0.000*** 0.904 0.000*** 
GARCH(A-B) -0.049 0.045*** -0.025 0.428 0.104 0.234 
GARCH(B-A) 0.102 0.028*** -0.003 0.491 -0.196 0.123 
GARCH(B-B) 0.996 0.000*** 0.765 0.000*** 0.715 0.002*** 
hkaφ (HK-A) 0.145 0.103 0.057 0.158 0.266 0.012*** 
hkbφ (HK-B) 0.149 0.050** 0.251 0.003*** 0.431 0.001*** 
usaψ (US-A) -0.042 0.459 -0.024 0.395 0.129 0.136 
usbψ (US-B) 0.068 0.370 0.049 0.349 0.240 0.026*** 
   Notes: The estimated model is Eq.(3.4) + Eq.(3.5). 2aγ represents the mean spillover  from A share to B share ; 1bγ represents 
the mean spillover from B share to A share ; GARCH(A->B) and GARCH(B->A) are volatility spillover between A and B 
share respectively ; hkbhkausbusa λλλλ ,,,  are mean spillover effects from US and HK to A share and B share 
respectively ,  hkbhkausbusa φφφφ ,,,  are volatility spillover from US and HK to  A share and B share respectively. 
**indicates significance at 5% level, *** indicates significance at 1% level. The degree of freedom of t-distribution is 
estimated to be 3.019 (0.521), 3.544 (0.776) and 9.422 (5.518) for three sub-samples respectively, where the numbers in 
the parenthesis are standard errors. 
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Interestingly, the relations between Shenzhen A and B-shares revealed in Table 
3.4 varies across sub-samples, whereas it exhibits different features from that of Shanghai 
A and B-shares, although the two exchanges reside in the same macroeconomic and 
financial settings. Actually, the relations between Shenzhen A and B-shares get weaker 
from the first to last sub-period, whereas in Shanghai exchange, the relations between A 
and B-shares get stronger across time. Specifically, in the first sub-period, unlike the case 
of Shanghai exchange, mean spillover flows from A to B-share in Shenzhen exchange. 
Meanwhile, the volatility spills from B to A-share as well as from A to B-share in 
Shenzhen exchange as shown by significant ARCH(B-A), GARCH(B-A) and GARCH(A-B) 
coefficients; whereas in Shanghai exchange, the spillover goes only one way from B to A 
share in the same period. However, in the second period from 1996 to early 2001, the 
interaction between Shenzhen A and B-shares is confined to information transmission 
from A to B-share as indicated by significant ARCH(A-B) estimate. Furthermore, in the last 
sub-period from late Feb., 2001 to 2005, the interaction between A and B-shares vanishes 
completely. Overall, it seems that, in contrast to Shanghai market where B-share 
generally leads A-share in both mean and information transmission, in Shenzhen market, 
the opposite appears to be true, that is, A-share tends to lead B-share in the first two sub-
periods.   
The underlying reason for the discrepancy between two exchanges or markets 
could be that, instead of large companies listed in Shanghai exchange, Shenzhen 
exchange mainly floats on relatively small-sized firms which make it small in terms of 
market capitalization and less liquid as well as less attractive to foreign investors.   
According to the studies on the behavior of institutional investors like Bailey & Jagtiani 
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(1994) and Chan (1993), foreign institutional investors usually prefer large firms with 
more tradable shares and more reliable information disclosure. Therefore, it is likely that 
domestic investors dominate in the Shenzhen exchange where B-share investors trace 
their A-share counterparts. Moreover, during the process of converting Shenzhen 
exchange into NASDAQ-like market, IPOs have been suspended in Shenzhen exchange 
from September, 2000 through June, 2004 which covers part of our last two sub-samples 
of 1996-May, 2005; and all the IPOs during the period were floated in Shanghai 
exchange. As the result of the long suspension of IPOs, the role of Shenzhen exchange in 
China’s stock market as a whole has weakened and the investments have been largely 
flowing into Shanghai market. Meanwhile, foreign investors on B-shares could also pay 
more attention on the B-share stocks listed in Shanghai exchange. This dramatic event 
could explain why the relation between Shenzhen A and B-shares has been diminishing.  
Also, the last four rows of panel I and II in Table 3.4 also show that the external 
influences of US and Hong Kong markets on Shenzhen A and B-shares seem not to be 
stable across sub-samples. In the first period, the role of US and Hong Kong markets is 
limited to Hong Kong which affects the shock to Shenzhen B-share. Whereas in the 
second period, Hong Kong still accounts for the shock to B share, and index return of 
Hong Kong market can predict the movement of both Shenzhen A and B share return 
series. Further, the lagged returns of US market also contribute to the current returns of 
Shenzhen A-share.  Lastly, in the last period from late Feb. 2001 through May, 2005, US 
and Hong Kong markets only play a part in the volatility of Shenzhen stocks. Specifically, 
shocks originating in Hong Kong market spillover concurrently to both Shenzhen A and 
B-shares, and US constitutes part of shock to Shenzhen B share too. Interestingly, the 
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results appear that Hong Kong market dominates the external influences to Shenzhen 
markets, as it does to Shanghai market.  
Again, to look at the time-varying contemporaneous interaction between A and B-
shares in Shenzhen market, the fitted conditional correlation coefficient is plotted in 
Figure 3.5 in Appendix C. Similar to Shanghai market, the correlation is lower, on 
average, in the first sub-sample than those of the last two sub-samples; the average 
correlations in three sub-periods are 0.313, 0.415 and 0.701 whose magnitudes are similar 
to those of Shanghai exchange. While the two exchanges exhibit similar dynamics of 
conditional correlations between A and B-shares in the last two sub-samples, the 
correlation evolves quite differently in the first sub-sample.  
The fitted conditional standard deviation for Shenzhen exchange is plotted in 
Figure 3.6 in Appendix C. Generally, like Shanghai market, the returns of B-share 
controlling for effects from A-share and external factors presents less volatility in the first 
period than in the last two periods. Whereas, in early stage of China’s stock market, B-
shares in Shenzhen exchange are more volatile than B-shares in Shanghai exchange. In 
addition, like case of Shanghai, Shenzhen A share gets less volatile across time, and the 
variation of A share returns is vary small after Feb., 2001.  Finally, the adequacy of the 
fitted model on Shenzhen market is justified by the test results listed in Table 3.5 below.  
         
      Table 3.5:  Diagnostics for the model fitted on Shenzhen  A and B shares 
Panel I: Shenzhen A&B, 1992-1995 
White noise test 
(Ljung-Box) 
GARCH effect test 
(Ljung-Box) 
         Test 
 
Series Statistic P-value    Statistic P-value 
 sza 3.221 0.994 3.294 0.993 
 szb 6.947 0.861 1.008 1.000 
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Panel II: Shenzhen A&B,1996- 2001.2 
White noise test 
(Ljung-Box) 
GARCH effect test 
(Ljung-Box) 
        Test 
 
Series Statistic P-value     Statistic P-value 
 sza 10.54   0.568 8.475  0.747 
 szb 11.08   0.522 18.928  0.090 
Panel III: Shenzhen A&B,2001.2-2002.6 
White noise test 
(Ljung-Box) 
GARCH effect test 
(Ljung-Box) 
          Test 
 
Series Statistic P-value     Statistic P-value 
 sza 7.189   0.845  7.931   0.791 
 szb 12.494   0.407 9.188   0.687 
 
3.4.3 The role of US and Hong Kong markets on China’s A and B shares 
In the last couple of decades, international financial markets have become more 
integrated as the direct result of increasing economic globalization and technological 
advances. China’s financial market also gradually adapts into global system as China has 
been deepening market-oriented reforms on economy. Our empirical results also reveal 
some significant relations between China’s stock market and US as well as Hong Kong 
markets especially after 1995 in our sample span. As US is the most influential market in 
the world, whereas Hong Kong is the closest market to mainland, China in terms of 
economic, political as well as geographical reasons, it deserves more efforts and is of 
great importance to examine in more detail the role of US market and Hong Kong market 
on the evolution of China’s stock market.   
First of all, in the first sub-sample, US plays no role in the movements of both 
level and volatility of A and B-share return series in China’s market, whereas Hong Kong 
presents impact only on B-shares of mainland, China. This reflects the fact that China’s 
market, especially its A-share market, in the initial years of existence, was indeed to large 
extent isolated and had little correlation with world market. However, since then, China’s 
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financial market, along with its booming export-oriented economy, has been gradually 
edging into the world’s financial map as China has been quickly deregulating its financial 
market in preparation for joining WTO. Therefore, it is unsurprising that, in the second 
and third sub-samples after 1995, both US and HK markets have more significant effects 
in explaining the China’s stock market, both A and B-shares.  
Overall speaking, we find that external factors from US and Hong Kong are more 
influential to volatility dynamics of A and B-shares  than to evolution of level return 
series of two types of shares, especially after early 2001. In addition, if judged from the 
number of significant coefficient estimates and confidence levels, it appears that Hong 
Kong’s influence on mainland, China’s equities is more substantial and more assured 
than that of US market, in both Shanghai and Shenzhen exchanges. The relatively larger 
influence of Hong Kong market might well be attributed to the fact that Hong Kong is the 
mainland, China’s closest and largest economic partner in terms of capital inflows and 
foreign direct investment. Actually, Hong Kong has been mainland, China’s largest 
source of capital inflow and foreign direct investment (FDI) in the past decade31; at the 
same time, mainland, China is always the Hong Kong’s largest trade partner. Over 60% 
of investments in B-shares in the two exchanges, China comes from Hong Kong, while 
only about 10% is from US. Furthermore, hundreds of large state-owned companies from 
mainland, China issue IPOs and get listed in Hong Kong exchange (called H shares). 
These Chinese companies are playing an increasingly important part in Hong Kong stock 
market and are bringing closer the economic and financial linkages between Hong Kong 
and mainland, China.  
                                                 
31  Reference is Ministry of Commerce of China: http://www.mofcom.gov.cn/aarticle/tongjiziliao/ 
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As US could be viewed as proxy of world’s dominant economic force, and HK 
represents most important regional factor affecting China’s market, our results suggest 
that China’s stock market has stronger relationship with regional market rather than with 
world’s market. 
 
3.5 Conclusion  
In this chapter, we employ a two-stage bivariate GARCH model to analyze the 
return and volatility interactions between A-share and B-share stocks in Chinese stock 
market and dynamics of the conditional correlation between A and B share index return 
series. In addition, we also investigate how external factors from US and Hong Kong 
influence the mean and volatility of A and B-shares in the two stock exchanges of China.  
Our empirical results show that, on the whole, the spillover effects between 
conditional volatility series of A-share and B-share do exist, while the interactions 
between level return series of two types of shares are scarce. Interestingly, in Shanghai 
exchange, where most state-owned large enterprises are listed, the feedback relations 
between A and B-shares increases across sub-periods; while, in the smaller and less 
liquid Shenzhen exchange, the same relations seem to reduce across time. Furthermore, 
the results show that, in Shanghai exchange, B-share has more substantial effects on A-
share than the vice versa; while in Shenzhen exchange, A-share appears to dominate the 
interactions between it and B-share. The seemingly contradicting conclusions from two 
exchanges within the same market setting could be due to fact that foreign investors 
usually prefer to invest onto large companies listed in Shanghai exchange, because the 
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shares of large stocks are more liquid and large companies are more stable as they often 
have monopoly power in the domestic market.  
Furthermore, the conditional correlation between A-share and B-share shows 
time-varying pattern in both Shanghai and Shenzhen exchanges. Generally, the 
contemporaneous correlation presents frequent fluctuations through the whole sample 
period, and we observe an upward trend of conditional correlation across sub-samples in 
both exchanges. We also find that the evolution of contemporaneous relations between 
two types of shares is similar in two exchanges after 1995, but exhibit different pattern 
before that.  
Our findings also imply that Hong Kong, as the closest neighbor of mainland, 
China’s market, is more influential on Shanghai and Shenzhen A and B-shares than the 
proxy of world’s market, namely US. Given close economic and financial ties Hong 
Kong has with China, it is not surprising to observe stronger spillover effects from Hong 
Kong to stock market of mainland, China. Therefore, our results suggest that China’s 
stock market enjoys close relations with regional market, but not yet fully integrated with 
world’s market. Finally, the time-varying interactions between A and B-shares and 
changing external effects from US and Hong Kong on China’s stock market justify the 




Chapter 4   Summary and Conclusion  
During the last two decades or so, East Asian region as a whole has achieved a 
remarkable and sustained economic growth. Before late 1990s, the fast growing economy 
and rapidly amassing wealth and social welfare in several East Asian countries and 
districts have been characterized as “East Asian Miracle”. Although the East Asia was 
lashed hardly by the financial crisis of 1997, the region, especially some of these 
countries, has managed a steady recovery process since then, and has been regaining 
growth momentum especially since the beginning of the new millennium. The rising 
China with unremitting two-digital growth rate during the recent years has contributed to 
a large extent to the resurgence of East Asian economy. After many years’ open-door 
policies and a series of complicated internal reforms, China’s economy appears to have 
spurted out strong growth potential. The huge economic entity looming out of China has 
reinforced the significance of economy of East Asia which has been capturing increasing 
attention of the world. 
The fast-moving economy in East Asia has been evolving concurrently with 
expanding intra- and extra-regional trade following continued eliminations of trade 
barriers within the region. As the economy of most of East Asian countries relies heavily 
on the export, the regional organization of ASEAN32, equivalent to EU counterpart in 
East Asia, was initiated to primarily promote economic and financial unification within 
the region, and intra-regional trade has increased significantly since then. Nevertheless, 
the major destinations of exported products of East Asian countries remain the developed 
                                                 
32 ASEAN was established as early as Aug. 1967 with initial five member countries, the present ten-
member organization was set up on Apr. 1999 
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markets, namely US and Japan. Therefore, East Asian countries have been building up 
close economic ties within the region as well as between the region and outside world, 
which have also engender the necessity to reform the financial markets in the region.  
Actually, the financial markets in East Asia have been gradually deregulated since 
early 1980s, and by late 1990s, most of East Asian countries have liberalized to varying 
extent the domestic financial market. Even mainland, China, lagging behind other 
countries in opening up its economy and market, has also since middle 1990s stepped up 
reforming financial market in the run-up to join WTO. During the past two decades or so, 
capital flows in and out of East Asia and across the boundaries within the region have 
been increasing substantially. As the result, the interrelations among financial markets of 
the East Asia and between the region and the world have been fostering more closely. 
Meanwhile, like the rising economy of the region, the interrelations concerning the 
financial markets of East Asian countries have also started to consume more and more 
efforts of academicians as well as practitioners, as sound understanding of the 
mechanisms of the fast-evolving financial markets have valuable implications for policy 
makers, economists and international investors as well. The financial crisis of 1997 which 
spread quickly across the region has further pushed the East Asian financial markets into 
the spotlight of world’s attention. This study tries to comprehensively assess the time-
evolving financial market linkages within East Asia as well as between the region and the 
global market.  
Financial integration generally happens in two scopes, one is the integration 
within the region due to the economic cluster formed by regional countries with 
geographical or market proximity. The other is the integration with the rest of the world 
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which refers to the relations individual countries have with global market, this is 
especially relevant for East Asian countries which are largely open economy as a whole. 
This study tries to measure and examine the financial linkages concerning East Asian 
markets at both global and regional levels with focus on two specific financial markets, 
namely stock market and money market. Particularly, the present study investigates the 
financial market linkages in East Asian countries from three different perspectives. 
Firstly of all, I quantify and probe the time-varying integration of individual East Asian 
stock market with the regional market as a whole, and with global market as well. The 
possible effects of such significant events as financial crisis of 1997 and Chiang Mai 
Initiative are taken into account. Secondly, I proceed to investigate the long-run relations 
as well as short-run dynamics between real interest rates of East Asian countries and US 
as well as Japan. Lastly, I concentrate on inspecting the most distinct yet promising stock 
market in East Asia, namely Chinese stock market. The interactions of relatively 
segmented two types of shares of China as well as the external impacts of regional and 
global markets on Chinese stocks are conducted in the last part of this thesis.   
Specifically, in the first chapter, an international risk decomposition model 
controlling for unexpected events is employed to examine the time-evolving pattern of 
global and regional integrations of each East Asian stock market with the regional as well 
as global markets. The integration scores are theoretically gauged and quantitatively 
estimated by data of appropriate stock indices. Our empirical results show that, on 
average, most of East Asian countries have higher global integration score than regional 
integration score, indicating that these countries are more integrated into the world 
market rather than within themselves. The pattern of integration is influenced greatly by 
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Financial Crisis of 1997 such that, during the crisis period, most of the countries have 
their regional integration score increasing dramatically. However, our results demonstrate 
that the impact of financial crisis on the stock markets regional integration is rather 
temporary than long-lasting. Additionally, after Chiang Mai Initiative, the most important 
regional financial arrangement, the region has seen a long trend of increasing regional 
integration. It is noteworthy that the time-varying source of integration score obtained in 
the first chapter is from conditional variance of the returns, not from the beta itself. As 
beta parameter itself could be time-varying, there is a scope to extend the parameter into 
time-changing one to capture the property of stock market integration process from a 
different perspective. 
The second chapter investigates the degree of financial integration between East 
Asian countries and US as well as Japan by assessing the co-movements of real interest 
rates. Cointegration and vector error correction model (VECM) accounting for 
endogenous structural break are applied to examining long-run relationship as well as 
short-run dynamics of pairs of real interest rates. Meanwhile, bootstrap technique is 
employed to enhance the robustness of the estimates of cointegration tests and VECM. 
The evidences obtained with monthly real interest rates show that despite the overall 
failure of real interest rate parity, the real interest rates between East Asian developing 
countries and the two developed countries, namely US and Japan, are closely related in 
the long run especially after financial crisis around 1997. Further, estimated results from 
vector error correction model demonstrate that Japan has not taken over the dominant 
role of US in influencing the East Asian money markets. In addition, variance 
decomposition analysis is also applied to depicting the evolution of US and Japan’s 
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influences on the region. The results confirm the increasing external influences of global 
and regional forces on East Asian markets and there is evidence that Japan’s influence to 
East Asia, though limited, is increasing after financial crisis, especially to Malaysia and 
Indonesia.  
Finally, the third chapter of this thesis inspects the youngest yet most promising 
market in East Asia, namely mainland, China’s stock market which presents most 
distinguishing features entailed by its unique transitional economy. In particular, this 
chapter aims to analyze the return and volatility interactions between A-share and B-
share stocks in Chinese stock market and dynamics of the conditional correlation between 
A and B share index return series. In addition, it also investigates how external factors 
from US and Hong Kong influence the mean and volatility of A and B-shares in the two 
distinct stock exchanges of China. By employing a two-stage bivariate GARCH model, 
we are able to explore all the inquiries within a single econometric framework. The data 
used span almost the whole history of mainland, China’s stock market except first few 
months when the market was afflicted by small size and chaotic trading.  
Our empirical results show that, first of all, there are rich volatility transmission 
between A and B-shares, while the return feedback between two types of shares are weak, 
although they are residing in the same economic and financial environment. Moreover, it 
appears that, in Shanghai exchange, B-share has more substantial effects on A-share than 
the vice versa; while in Shenzhen exchange, A-share appears to dominate the interactions 
between it and B-share. Secondly, the contemporaneous correlation between A-share and 
B-share exhibits a time-varying pattern in both the Shanghai and Shenzhen exchanges. 
We observe an upward trend in the conditional correlation between two types of shares 
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across time in both exchanges. Thirdly, the external effects from the U.S. and Hong Kong 
markets are also evolving with time, and compared with US, Hong Kong market seems to 
have larger impacts on China’s A and B-shares. Therefore, our findings imply that Hong 
Kong, as the closest neighbor of China’s market, is more influential on Shanghai and 
Shenzhen A and B-shares than the proxy of world’s market, namely US.  
Finally, I have to admit that this study does not cover the establishment of a single 
monetary institution in the region, the ultimate goal of financial and economic integration 
within East Asia, although it has already been a looming topic for some time. Though, 
there is some consensus in literature that an Asian monetary union is still far from being 
viable at the present time, the analysis of Asian Monetary Union is surely important as it 
will involve many aspects of the East Asian economic and financial fundamentals, and 
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Appendix B  
     Cointegration results between East Asia and Japan after financial crisis 
 CRADF η2 
HK -3.759***             13.067 
Sing -2.799** 6.081 
Thai -5.175***              8.921 
Phi -4.275*** 14.092 
Ind -3.731***  9.644 
       Notes: CRADF are cointegrating regression augmented Dickey-Fuller statistics. The critical 
values have been adjusted for residual-based cointegration test and the finite sample size. 
η2 is obtained from the DOLS regression, representing the cointegration vector .  





























Appendix C  
 
Figure 3.1: Price indices of Chinese stock market 
 


















93 94 95 96 97 98 99 00 01 02 03 04
SZB






















Notes: SHA denotes A share of Shanghai market; SHB denotes B share in Shanghai market; 
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Figure 3.3: Conditional Correlation of A and B-shares in Shanghai market 
 
Coditional correlation between Shanghai A and B shares from 1992 to 1995
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Coditional correlation between Shanghai A and B shares from 1996 to Feb. 21, 2001
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Coditional correlation between Shanghai A and B shares from Feb.28, 2001 to May, 2005
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Figure3. 4: Conditional Standard Deviation of A and B-shares in Shanghai market 
 
Conditional Standard Deviation of Shanghai A and B shares from 1992 to 1995
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Conditional Standard Deviation of Shanghai A and B shares from 1996 to Feb.21,2001
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Conditional Standard Deviation of Shanghai A and B shares from Feb.28,2001 to May,2005
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Figure 3.5: Conditional Correlation of A and B-shares in Shenzhen market 
 
Coditional correlation between Shenzhen A and B shares from 1992 to 1995
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Coditional correlation between Shenzhen A and B shares from 1996 to Feb.21,2001
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Coditional correlation between Shenzhen A and B shares from Feb.28,2001 to May,2005
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2










Figure 3.6: Conditional Standard Deviation of A and B-shares in Shenzhen market 
 
Conditional Standard Deviation of Shenzhen A and B shares from 1992 to 1995
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Conditional Standard Deviation of Shenzhen A and B shares from Feb.28,2001 to May,2005
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